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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the occurrence 
defects as much as possible in an epitaxial layer and in the 
region near the interface of the epitaxial layer and a 
substrate wafer and to add excellent gettering 
characteristics, by using a silicon wafer containing a 
specified amt. of nitrogen as the substrate wafer and 
depositing a silicon single crystal layer by epitaxial method 
on the surface of the wafer. 

SOLUTION: An amt. of nitrogen in the substrate wafer is 
specified to 1.0x1012 to 1.0x1016 atoms/cm3. The silicon 
wafer la satisfying the above condition is produced by 
Czochralski (CZ) method or magnetic field-applied CZ 
method by using fused silicon containing 1.0x1016 to 1.5x 
1019 atoms/cm3 nitrogen. By incorporating a specified amt. 
of nitrogen, the density of point defects during growing 
crystals and aggregation behavior of the crystals are 
changed to suppress production of minute defects or void 
defects in the epitaxial layer 3 and in the region 2, 1b near 
the interface. Further, proper crystal defects are produced 
in an IG layer 1d to enhance the gettering ability. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] a nitrogen content - 1.0x1013 atoms/cm3 the above - 1.0x1016 atoms/cm3 epitaxial [ silicon 
wafer / which is the following / on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. ] in a substrate wafer - silicon semi-conductor substrate characterized by coming to deposit a 
silicon single crystal layer by law. 

[Claim 2] an oxygen content ~ 1.0x1017 atoms/cm3 epitaxial [ silicon wafer / above / on the surface of 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. ] in a substrate wafer - it is the silicon semi- 
conductor substrate which comes to deposit a silicon single crystal layer by law, and as epitaxial at least 
as said substrate wafer ~ the field from the interface of the silicon single crystal layer deposited by law 
to a depth of 1 micrometer - setting ~ diameter conversion - the consistency of a crystal defect 0.1 
micrometers or more -- 5x104 An individual / cm3 Silicon semi-conductor substrate characterized by 
being the following. 

[Claim 3] an oxygen content ~ 1.0x1017 atoms/cm3 above epitaxial [ silicon wafer / on the surface ot 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. ] in a substrate wafer ~ it is the silicon semi- 
conductor substrate which comes to deposit a silicon single crystal layer by law, and as epitaxial at least 
as said substrate wafer - the field from the interface of the silicon single crystal layer deposited by law 
to a depth of 1 micrometer - setting ~ diameter conversion - the consistency of a crystal defect 20nm 
or more ~ 5x105 piece/cm3 Silicon semi-conductor substrate characterized by being the following. 
[Claim 4] It sets to the field from the interface of the silicon single crystal layer deposited by said 
substrate wafer and epitaxial method at least to a depth of 1 micrometer, and the consistency of a crystal 
defect 0.1 micrometers or more is 5x104 by diameter conversion further. An individual / cm3 Silicon 
semi-conductor substrate according to claim 3 which is the following. 

[Claim 5] Said substrate wafer is nitrogen further 1.0x1013 atoms/cm3 It is 1.0x1016 atoms/cm3 above. 
Silicon semi-conductor substrate according to claim 2 to 4 which it comes to contain below. 
[Claim 6] It sets focusing on the thickness of said substrate wafer, and the crystal defect consistency of 
20nm or more is 1x108 by diameter conversion. An individual / cm3 Silicon semi-conductor substrate 
according to claim 1 to 5 which it is above. 

[Claim 7] 1 .0x1016 atoms/cm3 the above ~ 1 .5x1019 atoms/cm3 epitaxial [ silicon wafer / which was 
obtained from the silicon single crystal raised using the silicon melt containing the following nitrogen / 
on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. ] in a substrate wafer - the 
manufacture approach of the silicon semi-conductor substrate characterized by making a silicon smgle 
crystal layer deposit by law. 

[Claim 8] The manufacture approach of the silicon semi-conductor substrate characterized by depositing 
a silicon single crystal layer for the silicon wafer which obtained the 800-degree C crystal temperature 
requirement from the silicon single crystal raised with the above cooling rate by 2.0-degree-C/by the 
epitaxial method as a substrate wafer on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. from coagulation temperature with the Czochrlski method or the magnetic field impression 
Czochrlski method. 
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[Claim 9] The manufacture approach of the silicon semi-conductor substrate characterized by depositing 
a silicon single crystal layer for the silicon wafer obtained from the silicon single crystal which raised 
the 800 degrees C - 400 degrees C crystal temperature requirement with the above cooling rate by 1 .0- 
degree-C/with the Czochrlski method or the magnetic field impression Czochrlski method by the 
epitaxial method as a substrate wafer on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. 

[Claim 10] The manufacture approach of the silicon semi-conductor substrate characterized by 
depositing a silicon single crystal layer for the silicon wafer obtained from the silicon single crystal 
which it is the silicon single crystal raised with the Czochrlski method or the magnetic field impression 
Czochrlski method, and the silicon single crystal under crystal-pulling training raised the 800-degree C 
crystal temperature requirement with the above cooling rate by 2.0-degree-C/from coagulation 
temperature, and raised the 800 degrees C - 400 degrees C crystal temperature requirement with the 
above cooling rate by 1 .0-degree-C/succeedingly by the epitaxial method as a substrate wafer on the 
surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 

[Claim 1 1] 1.0x1016 atoms/cm3 The manufacture approach of a silicon semi-conductor substrate 
according to claim 8 to 10 of raising a silicon single crystal using the silicon melt which contains three 
or less 1.5x1019 atoms/cm nitrogen above. 

[Claim 12] The manufacture approach of the silicon semi-conductor substrate according to claim 7 to 1 1 
which deposits a silicon single crystal layer for what carried out heat treatment for the silicon wafer 
obtained from the silicon single crystal raised with the Czochrlski method or the magnetic field 
impression Czochrlski method 5 minutes or more at 1000-degree-C or more temperature of 1300 
degrees C or less by the epitaxial method as a substrate wafer on the surface of Perilla frutescens (L.) 
Britton var. crispa (Thunb.) Decne. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] a . „ A . 

[Field of the Invention] About upgrading of an epitaxial silicon semi-conductor substrate, especially this 
invention removes the defect near the interface of an epitaxial layer and an epitaxial layer, and its 
substrate wafer, and relates to the epitaxial semi-conductor substrate which raises the yield of the device 
created on an epitaxial substrate, and its manufacture approach. 

[0002] . , . „ 

[Description of the Prior Art] The crystal defect by which induction is earned out in the minute detect 
which exists a silicon semi-conductor substrate front face and near a surface from immediately after 
substrate manufacture with improvement in a device degree of integration in recent years, or a device 
manufacture process raises the poor device pattern at the time of device formation, or causes the 
malfunction of a device, and reducing the manufacture yield of a device is known. The defect called 
COP (Crystal Originated Particles or Crystal Originated Pits) detected as an about 0.1 -micrometer pit to 
the substrate front face immediately after substrate manufacture as a cause of this device yield fall 
attracts attention. When a silicon semi-conductor substrate is washed with the mixed liquor of an 
ammonia-hydrogen peroxide, this points out the pit which considered the crystal defect produced on a 
substrate front face as the cause, and since this pit is measured with the test equipment which carries out 
counting of the particle on the front face of a substrate, it is called in this way. although COP is what 
names generically defective [ which is detected by such measuring method / at large ] - the usual 
CHOKURARU skiing (CZ) ~ in the silicon single crystal raised by the CZ process which impressed law 
or a magnetic field, the stereo of this defect is considered to be the opening (for a hole defect to be called 
hereafter) of the octahedron under crystal, and this is presumed to cause the poor pattern of a device, and 
structural destruction. Moreover, besides COP, as a silicon semi-conductor substrate which is not made 
to form near the substrate front face, the epitaxial silicon substrate to which epitaxial growth of the 
silicon single crystal layer was carried out by the chemical-vapor-deposition method etc. attracts 
attention, and various crystal defects, such as an oxygen sludge, a dislocation loop, and a stacking fault, 
are also increasingly used on a slice and the wafer which carried out mirror polishing from the silicon 
single crystal raised by the CZ process or the magnetic field impression CZ process. 
[0003] Although an epitaxial silicon substrate is a substrate which newly deposits a single crystal layer 
which hardly includes oxygen and a defect on a silicon wafer as mentioned above the time of epitaxial 
layer deposition - the surface state (it is called the pit and hillrock resulting from hole defects and 
oxygen sludges, such as COP, - minute - a hill - the defect of a ** --) of a wafer Furthermore generate 
a defect in an epitaxial layer by existence of a stacking fault etc., or It originated in the hole defect and 
oxygen sludge which exist near the wafer front face in a device manufacture process, and induction of 
the defect was carried out into the epitaxial layer, and the problem of the hole defect and oxygen 
impurity near the wafer front face being spread in an epitaxial layer, and forming a new defect had 
arisen For this reason, although the front face of the former wafer itself which deposits an epitaxial 
layer and the defect-free-ized technique in that near are important in order to obtain a quality epitaxial 
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silicon substrate, the gettering capacity as resistance over various contamination in a device process is 
Xo denuded of the wafer iteelf, and it is also required for a wafer core to make moderately &e defect 
which iL gettering capacity. Moreover, the production process from single crystal growth to epitaxial 
^aZSSSfSaZa^ it is in the inclination which the manufacturing cost of a substrate 
SeSer io also perform quality control strictly, the point how to enable it ~facto^e the 
epitaxial silicon semi-conductor substrate of high quality by low cost is also an important technical 



r0004] Then, some proposals are made about the silicon wafer used for an epitaxial subsfrate until now 
as me defective reduction technique near the front face, or a defective structure lump techmque inside 
the wafer for the improvement in gettering capacity. For example, the manufacture approach of the 
eoitaxial silicon semi-conductor wafer which the defective generating origin which produces a silicon 
EE^to from a wafer substrate in a silicon single crystal thin film by heat-bating within 
2 Stent atmosphere which contains hydrogen in front of vapor growth is exnnguished to tile ; wafer 
by which in thorin chic gettering (IG) processing was carried out, and carries out tlun film formation 
with vapor growth after that is proposed by JP,5-283350,A. Moreover, the silicon epitaxial wafer in 
which the BMD consistency coordination area was formed to the interior of a wafer is proposed IG 
down stream processing for giving the IG effectiveness to JP,8-250506,A using the wafer formed from 
die single-crystal-silicon ingot, the temperature maintenance process for controlling an oxygen sludge 
(BMD) consistency, and by performing epitaxial down stream processing on a wafer front face _ 
Furthermore, when it has a defect-free (DZ) layer by specific heat treatment m JP,9-199 507 A ^ata 
surface, it is Si02 from an LSI formation field to the depths. When carrying out specified quantity 
content of the sludge and carrying out epitaxial membrane formation at a back process, it is Si02 to 
hZogeneuy more nearly mostly than a front face. By carrying out specified quantity content of the 
sludged X semi-conductor substrate which IG capacity of contamination heavy 'metal was .high, reduced 
me curVature of a substrate, and was excellent in reinforcement is proposed. Although various heat 
tlamShave been performed, since top priority is given to securing the IG effectiveness of the wafer 
„2Huh to£ Slques, A crystal defect harmful to the epitaxial growth which exists in the substrate 
wSer frl face md near a surface cannot be eliminated completely. [ which deposit an epitaxid layer ] 
WhiTe Z defect remained or having the problem in which a defect carries out induction by the device 
production process in the epitaxial layer, there was a trouble that a heat treatment process is 
Sd and reduced^roductivity sharply and it carried out the increment in a manufacturing cost 
Moreover in JP?8- 1 62406 A, it is 5x106 beforehand. An individual / cm3 Epitaxial growth is carried out 
to a Sate sil con wafer including the above high-density crystal defect, and the wafer which 
lauipS ^emtertorofa substrate with the gettering layer is proposed. However, also in this approach, 
sSriority waTgiven to the IG effectiveness, a crystal defect harmful to die epitaxial growt l which 
exists a substrate Zfer front face and near a surface could not be eliminated comp etely, die defect 
reniSn^JS proSem a defect carries out [ the problem ] induction by the device production process 

^ SetS ^^^8.12493^ JP,8-91983,A JP,9-227289,A) 

fJP 2-267195 A) which considers as the technique of disappearing or reducing COP on die front tace ot 
a^hcon wfa onZ other hand, and makes the following the rate of crystal growth in the case of 
„noTc^ 0.8mm/, and the cooling behavior of a single crystal, especially a single crystal 

^Sh^aii*,** which passes through an about 1200 to 1000 degrees C J^^^^ Gnt 
Proposed By decreasing the amount of installation in the crystal growth interface of the hole mold 
Sdefect (vacancy) which is the element which makes a hole defect from crysta trainmg at a low- 
Sowm rate SSng the cooling rate of a single crystal loose Although generating of die hole mold 
Sdefec f****** ] (vacancy) generated during cooling is suppressed, while causing the fall of the 
Sucfvlry by the fall of a growth rate, by this approach, there was a problem of generating the crystal 
SdSrf Corner kind, suchl a dislocation loop. Moreover, with the 

cooling conditions, although there is no problem in the point of productivity, reduction of a COP 
SSenc? is 105 in general. An individual / cm3 Extent is a limitation and it is reduction of further 
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COP 5x104 r for example, ]. An individual / cm3 It was difficult to attain the following consistencies 
raOOol MoVeovS theTechn que of decreasing and extinguishing COP on the front face of a substrate is 
KopSS by he* treatment after slicing and grinding from a single crystal ingot and co>^*™g as 
a ^fer Ses the technique of reducing COP at the time of single crystal growth. For example, by 
usTngThe SSque heat-treated in a hydrogen ambient atmosphere, i.e., a hydrogen ambient 

i n tp so ?0?64 A COP on the front face of the maximum is extinguished, and it is the cur 
^^SS^i^^^ a front face 104 An individual / cm3 Considering as the 
fcXwmg indicated. However, even if it deposits an epitaxial layer on such a silicon wafer in our 
exoertaent me defective control of less than 0.5 micrometers of the depth from a front face is 
St A c^yS defect remains near the interface of an epitaxial layer, an epitaxial layer and a 
Son wafer or It turned out that it has the problem referred to as generating a crystal defect, or 
exSning me crystal defect inside a silicon wafer superfluously by hydrogen heat treatment 
convSel^, Sid reducing the IG property of a wafer remarkably into an epitaxial layer by heat treatment 

£00^^ 

addition approach. The increment in crystal reinforcement is known by JP>5 7 -17497,A tfc . as '^g^ 
add Son effectiveness in a float zone (FZ) single crystal. Moreover, it « pleated by 
act or combine with mutual [ the mumal nitrogen added in silicon is a kind of a point defect / the hole 
and mS coTol genera ion of the cluster (hole defect) in which the hole participated, and 
Sne^mg of Z Schpit where the hole defect is considered to be the cause is controlled, however 
K TeSoto and et al Proceedings of The As shown in 2 nd International Symposium on Advanced 
^SologVof Silicon Materials and p.437-442 (1996) If the defect which ^trogen^d a 
hSe comtoed increases, during a silicon crystal, will become generating or 

' pwtron or an electron hole, and an electrical property will be changed. Furthermore, in the silicon 
Zb^c^nZ^ygeT^o gea form* oxygen and a compound defect, resistance of a substrate is 
cfangeJ loTftTs Swnlhat a stacking fault will further become easy to be made by heat treatment. 

Eln(s) to be Solved by the Invention] Thus, with the conventional technique, it is requested that 
uirsen^co^oductor substrate of high quality which there are merits and demerits, and eliminates the 
3" ?Z front face of a silicon substrate as a semi-conductor substrate which can reply to 

vTars^highTntegration, and hi sufficient IG capacity inside a substrate is supplied by low cost. 
Kl^eXimvention solves the trouble in the conventional technique mentioned above, and aims 
KrS ^me^i S suicon semi-conductor substrate [ that it is quality and low cost widi . which it 
was ver^ few wfth a substrate and IG property also gave further defective generating of the field near the 
S ofl epitaxial layer and an epitaxial layer, and a substrate wafer, and its manufacture 



approach 
[0010] 



from th ^LterfaS Ae silicon single crystal layer deposited by said substrate wafer and epitaxial 
mlod aUeS'to fdS,th of 1 micrLeter The consistency of a crystal defect 0.1 aerometers or more 
Ztm by otan^eterTonversion. The silicon semi-conductor substrate characterized by being below an 
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individual / cm3 </SUP>, (3) an oxygen content - 1.0x1017 atoms/cm3 It is the silicon semi-conductor 
substrate which comes to deposit a silicon single crystal layer by law. above epitaxial [ silicon wafer / on 
the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. ] in a substrate wafer - In the 
field from the interface of the silicon single crystal layer deposited by said substrate wafer and epitaxial 
method at least to a depth of 1 micrometer The consistency of a crystal defect 20nm or more is 5x105 by 
diameter conversion. The silicon semi-conductor substrate characterized by being three or less an 
individual / cm, (4) In the field from the interface of the silicon single crystal layer deposited by said 
substrate wafer and epitaxial method at least to a depth of 1 micrometer Furthermore, the consistency of 
a crystal defect 0.1 micrometers or more is 5x104 by diameter conversion. An individual / cm3 The 
silicon semi-conductor substrate given in (3) which is the following, (5) Said substrate wafer is nitrogen 
further 1.0x1013 atoms/cm3 It is 1.0x1016 atoms/cm3 above. (2) which it comes to contain below A 
silicon semi-conductor substrate given in - (4), (6) It sets focusing on the thickness of said substrate 
wafer, and the crystal defect consistency of 20nm or more is 1x108 by diameter conversion. An 
individual / cm3 (1) which it is above A silicon semi-conductor substrate given in - (5), (7) 1.0x1016 
atoms/cm3 It is 1.5x1019 atoms/cm3 above. The silicon wafer obtained from the silicon single crystal 
raised using the silicon melt containing the following nitrogen as a substrate wafer on the surface of 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. The manufacture approach of the silicon semi- 
conductor substrate characterized by making a silicon single crystal layer deposit by the epitaxial 
method (8) With the Czochrlski method or the magnetic field impression Czochrlski method The silicon 
wafer which obtained the 800-degree C crystal temperature requirement from the silicon single crystal 
raised with the above cooling rate by 2.0-degree-C/as a substrate wafer from coagulation temperature on 
the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. The manufacture approach of 
the silicon semi-conductor substrate characterized by depositing a silicon single crystal layer by the 
epitaxial method, (9) The silicon wafer obtained from the silicon single crystal which raised the 800 
degrees C - 400 degrees C crystal temperature requirement with the above cooling rate by 1 .0-degree- 
C/with the Czochrlski method or the magnetic field impression Czochrlski method as a substrate wafer 
on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. The manufacture approach 
of the silicon semi-conductor substrate characterized by depositing a silicon single crystal layer by the 
epitaxial method, (10) It is the silicon single crystal raised with the Czochrlski method or the magnetic 
field impression Czochrlski method. The silicon single crystal under crystal-pulling training raises a 
800-degree C crystal temperature requirement with the above cooling rate by 2.0-degree-C/from 
coagulation temperature. The silicon wafer which obtained the 800 degrees C - 400 degrees C crystal 
temperature requirement from the silicon single crystal raised with the above cooling rate by 1.0-degree- 
C/succeedingly as a substrate wafer on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. The manufacture approach of the silicon semi-conductor substrate characterized by depositing a 
silicon single crystal layer by the epitaxial method, (1 1) 1.0x1016 atoms/cm3 It is 1.5x1019 atoms/cm3 
above. The manufacture approach of a silicon semi-conductor substrate given in (8) - (10) which raises a 
silicon single crystal using the silicon melt containing the following nitrogen, (12) As a substrate wafer 
what carried out heat treatment for the silicon wafer obtained from the silicon single crystal raised with 
the Czochrlski method or the magnetic field impression Czochrlski method 5 minutes or more at 1000- 
degree-C or more temperature of 1300 degrees C or less on the surface of Perilla frutescens (L.) Britton 
var. crispa (Thunb.) Decne. epitaxial - the manufacture approach of a silicon semi-conductor substrate • 
given in (7) - (1 1) which deposits a silicon single crystal layer by law ~ it comes out. 
[0011] 

[Embodiment of the Invention] This invention is explained below at a detail. 
[0012] first, the 1st invention - a nitrogen content - 1.0x1013 atoms/cm3 the above - 1.0x1016 
atoms/cm3 epitaxial [ silicon wafers / following / on the surface of Perilla frutescens (L.) Britton var. 
crispa (Thunb.) Decne. ] in a substrate wafer - it is the silicon semi-conductor substrate which comes to 
deposit a silicon single crystal layer by law. 

[0013] In order to control generating of the minute pit on the front face of a wafer, without causing 
defective generating of change of the electrical characteristics of a silicon wafer, the stacking fault at the 
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time of device heat treatment, etc., it is a nitrogen content in a silicon wafer 1 .0x1013 atoms/cm3 It is 
1 .0x1016 atoms/cm3 above. It is necessary to consider as the following. And while controlling 
generating of the inside of an epitaxial layer, the minute defect near the interface of an epitaxial layer 
and this substrate wafer, or a hole defect by depositing a silicon single crystal layer for such a silicon 
wafer by the epitaxial method as a substrate wafer on the surface of Perilla frutescens (L.) Britton var. 
crispa (Thunb.) Decne., it becomes the silicon semi-conductor substrate which has a moderate crystal 
defect and reinforces gettering capacity inside a wafer. The nitrogen content in a silicon wafer is 
1.0x1013 atoms/cm3. In the following, generating of the minute pit on the front face of a wafer cannot 
be controlled, but it is 1.0x1016 atoms/cm3. In **, electrical characteristics, such as carrier life time and 
resistivity, change, or a stacking fault occurs, and even if it deposits an epitaxial layer, a good silicon 
semi-conductor substrate cannot be obtained. In addition, the nitrogen content in a wafer can be 
measured by using infrared absorption or SIMS (Secondarylon Mass Spectroscopy: ion [ secondary ] 
mass spectroscope), the measurement by infrared absorption — Applied Physics Letter No. 47 and p — 
technique given in 488 and 1985 — following — the absorption peak in the wave number of 963cm- 1 to 
conversion factor 1.83x1017 atoms/cm2 A quantum can be carried out by using. 

[0014] For the 2nd invention, an oxygen content is 1.0x1017 atoms/cm3. It is the silicon semi-conductor 
substrate which comes to deposit the above silicon wafer a silicon single crystal layer by the epitaxial 
method as a substrate wafer on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 
It sets to the field from the interface of the silicon single crystal layer deposited by said substrate wafer 
and epitaxial method at least to a depth of 1 micrometer, and the consistency of a crystal defect 0.1 
micrometers or more is 5x104 by diameter conversion. An individual / cm3 It is the silicon semi- 
conductor substrate characterized by being the following. 

[0015] It is an oxygen density 1.0x1017 atoms/cm3 The manufacture approach of the silicon substrate 
considered as the above can be manufactured by the CZ process and magnetic field impression CZ 
process which usually support raw material silicon melt by the quartz crucible, and carry out crystal 
growth. That is, oxygen dissolves into silicon melt from the quartz crucible which is supporting raw 
material silicon melt, and it is incorporated during a crystal in the case of single crystal coagulation. A 
desired oxygen density can be adjusted by the crucible rotational frequency, melt heating conditions and 
a controlled atmosphere flow rate, raising furnace internal pressure, or magnetic field impression 
reinforcement. The oxygen content of a silicon wafer is 1.0x1017 atoms/cm3. In the following, since IG 
capacity inside the mechanical strength of a silicon wafer or a wafer declines, an oxygen content is 
required for a three or more 1.0x1017 atoms/cm silicon wafer. By the way, if oxygen is contained in a 
silicon wafer, various crystal defects will become that induction is easy to be carried out. Then, when the 
effect of the crystal defect in the silicon wafer exerted on the quality of an epitaxial layer was 
investigated, it found out that a crystal defect's in field from front face of silicon wafer used as substrate 
which epitaxial layer's deposits to depth of 1 micrometer existence gestalt was important. If a crystal 
defect 0. 1 micrometers or more exists so much by diameter conversion, it will remain, even if it passes 
through an epitaxial deposition process or the heat treatment process of a device production process, and 
the origin which generates a defect in an epitaxial layer will be easy to come. For size, although a crystal 
defect 0.1 micrometers or more is mainly a hole defect, with the conventional silicon wafer, this hole 
defect is 106. An individual / cm3 Extent or more than it existed. However, the consistency of the 
crystal defect 0.1 micrometers or more in said field is 5x104. An individual / cm3 If it is the following, 
by the heat treatment process as pre-heat treatment in an epitaxial deposition process, it can contract, and 
diffusion disappearance is carried out, the above-mentioned defect can be defanged, and the silicon 
semi-conductor substrate which is not made to generate a defect in an epitaxial layer can be obtained. 
The crystal defect consistency of 0.1 micrometers or more is 5x104 in said field. An individual / cm3 In 
**, a defect is generated in an epitaxial layer, the serious effect for an oxide-film dielectric-breakdown 
property, an isolation property, etc. is done [ when especially epitaxial layers are about 1 micrometer 
and a thin film, it becomes the cause of the poor pattern in a device production process or ], and 
problems, such as a yield fall, are produced. 

[0016] For the 3rd invention, an oxygen content is 1.0x1017 atoms/cm3. It is the silicon semi-conductor 
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substrate which comes to deposit the above silicon wafer a silicon single crystal layer by the epitaxial 
method as a substrate wafer on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 
It sets to the field from the interface of the silicon single crystal layer deposited by said substrate wafer 
and epitaxial method at least to a depth of 1 micrometer, and the consistency of a crystal defect 20nm or 
more is 5x105 by diameter conversion. An individual / cm3 It is the silicon semi-conductor substrate 
characterized by being the following. 

[0017] As for a crystal defect 20nm or more, a minute oxygen sludge is also contained besides a thing 
with the above-mentioned minute hole defect by diameter conversion. If such a defect exists in a silicon 
wafer front face and a surface field in large quantities, it will become the cause that this crystal defect 
spreads, and is imprinted in an epitaxial layer from the silicon wafer used as a substrate wafer at the time 
of epitaxial growth, or induction of the new defect is carried out into an epitaxial layer with this crystal 
defect as the starting point. With the silicon wafer used as a conventional substrate wafer, such a minute 
defect is 107. An individual / cm3 Although extent or more than it existed In the field from the silicon 
wafer front face used as a substrate wafer at least to a depth of 1 micrometer The consistency of a crystal 
defect 20nm or more is 5x105 by diameter conversion. An individual / cm3 If it is the following By the 
heat treatment process as pretreatment in an epitaxial deposition process, decomposition disappearance 
is carried out, the above-mentioned defect can be defanged, and the silicon semi-conductor substrate 
which does not carry out induction of the new defect into an epitaxial layer can be obtained, said field — 
set -- diameter conversion - the consistency of a crystal defect 20nm or more ~ 5x105 an individual / 
cm3 a crystal defect new at the time of heat treatment [ in / the atomic hole and the oxygen impurity 
which be generate as a result of decomposition carry out diffusion survival into an epitaxial layer, 
therefore / a device production process ] since there be too many amounts of defects decompose by heat 
treatment at ** - the inside of an epitaxial layer - induction - it form and become the cause of a fall of 
the device manufacture yield. 

[0018] furthermore, the 4th invention which combined the 2nd invention and invention of the 3rd - that 
is An oxygen content is 1 .0x1017 atoms/cm3. It is the silicon semi-conductor substrate which comes to 
deposit the above silicon wafer a silicon single crystal layer by the epitaxial method as a substrate wafer 
on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. It sets to the field from the 
interface of the silicon single crystal layer deposited by said substrate wafer and epitaxial method at least 
to a depth of 1 micrometer, and the consistency of a crystal defect 0.1 micrometers or more is 5x104 by 
diameter conversion. An individual / cm3 Below And the consistency of a crystal defect 20nm or more 
is 5x105 by diameter conversion. An individual / cm3 By considering as the semi-conductor substrate 
characterized by being the following, it can consider as the silicon semi-conductor substrate which has 
the defect-free epitaxial layer to which generating or induction of a defect do not happen. 
[0019] Moreover, silicon **** used as a substrate wafer on which the 5th invention deposits a single 
crystal layer by the epitaxial method of the 2-4th invention is nitrogen further to inside 1.0x1013 
atoms/cm3 It is 1 .0x1016 atoms/cm3 above. It is the silicon semi-conductor substrate which it comes to 
contain below. 

[0020] As the 1st invention explained, by carrying out specified quantity content, the nitrogen in a 
silicon single crystal has the operation which changes the point defect concentration and point defect 
condensation behavior at the time of single crystal growth, and discovers the effectiveness and the 
improvement effectiveness of substrate reinforcement which control the hole defective formation in a 
single crystal. Therefore, the silicon semi-conductor substrate which makes easy to reduce the various 
defects in the substrate silicon wafer mentioned above, and has a more perfect defect-free epitaxial layer 
by using such a nitrogen content silicon wafer as a substrate wafer which deposits a single crystal by the 
epitaxial method can be offered. 

[0021] Furthermore, for the 6th invention, it sets to the thickness core field of the substrate silicon wafer 
in the l-5th invention, and the consistency of a crystal defect 20nm or more is 3 1x108 pieces/cm by 
diameter conversion. It is the silicon semi-conductor substrate which it is above. In addition, the 
thickness core field of this substrate silicon wafer is what is deeper than 1 micrometer that points out the 
field inside 20 micrometers or more preferably from this substrate wafer front face. It is a crystal defect 
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20nm or more by diameter conversion to this substrate wafer contrant region 1x108 An individual / cm3 
By making it exist above, effective gettering capacity can be effectively given to the increment in the 
process contamination accompanying high integration of a device, and the good silicon semi-conductor 
substrate of the device manufacture yield can be offered. 

[0022] In addition, the above-mentioned 1st - the 6th invention are materialized regardless of the value 
of the specific resistance of a silicon wafer, and can demonstrate the above-mentioned request by 
fulfilling each condition as shown above. 

[0023] Although the manufacture approach by which the substrate with which it is satisfied of above- 
mentioned conditions with a CZ process or a magnetic field impression CZ process is obtained as the 
manufacture approach of the above silicon semi-conductor substrates may be used and it does not limit 
especially, if it is the manufacture approach described below, the silicon semi-conductor substrate of this 
invention can be efficiently manufactured with sufficient productivity. 

[0024] the 7th invention - 1.0x1016 atoms/cm3 the above - 1.5x1019 atoms/cm3 epitaxial [ silicon 
wafer / which was obtained from the silicon single crystal raised by the CZ process or the magnetic field 
impression CZ process using the silicon melt containing the following nitrogen / on the surface of 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. ] in a substrate wafer - it is the manufacture 
approach of the silicon semi-conductor substrate which deposits a silicon single crystal layer by law. It 
sets to operation of this approach and is 1.0x1016 atoms/cm3. It is 1.5x1019 atoms/cm3 above. The 
silicon single crystal ingot raised by the CZ process or the magnetic field impression CZ process using 
the silicon melt containing the following nitrogen is sliced, and the surface of Perilla frutescens (L.) 
Britton var. crispa (Thunb.) Decne. is made to slice epitaxial growth of the silicon single crystal layer for 
the silicon wafer obtained by carrying out mirror polishing to a substrate wafer. There is an approach 
addition pours the nitrogen in the case of single crystal growth of silicon for nitrogen gas during the raw 
material dissolution, or a method of making the silicon wafer on which the nitride was made to deposit 
with a CVD method etc. mix during the raw material dissolution, the segregation coefficient of the 
nitrogen incorporated during the crystal after coagulation ~ reference W.Zulehner and D. Huber; As 
shown in Crystals 8-Growth, Properties, and Applications-, and p.28 (Springer- Verlag, New York, 
1982), it is 7x10-4. It is nitrogen by carrying out crystal training using the melt of the above-mentioned 
nitrogen concentration 5.0x1013 atoms/cm3 It is 1.0x1016 atoms/cm3 above. Manufacture of the silicon 
wafer contained below is attained. Moreover, although vapor growth equipment performs, an epitaxial 
grown method carries out a temperature up before vapor growth to a temperature region predetermined 
(generally constant temperature within the limits of 900 to 1200 degrees C) within a hydrogen gas 
ambient atmosphere, and after it performs etching by the gas which contains a hydrogen chloride 
succeedingly several minutes and performs surface contamination removal and activation on the front 
face of a wafer, it usually grows up an epitaxial thin film into a wafer front face using silane system gas. 
[0025] It is nitrogen 1.0x1013 atoms/cm3 It is 1.0x1016 atoms/cm3 above. Nitrogen changes the point 
defect concentration at the time of crystal training, and the condensation behavior of a point defect, and 
the silicon crystal grown up so that it might be made to contain by the following concentration does not 
make the hole defect beyond about 0.1 micrometers and it represented by COP during a crystal form as 
the 1st invention explained it. Usually, at the time of crystal growth, although a hole defect is 
comparatively formed at an elevated temperature, crystal temperature will reduction-ize this hole defect 
by the thing of the range which is 1 150 degrees C - about 1050 degrees C for which nitrogen controls 
condensation of an atomic hole, if specified quantity content of the nitrogen is carried out. On the other 
hand, nitrogen promotes the nucleation of the oxygen sludge in a 1000 degrees C - 450 degrees C low- 
temperature field, and generates the oxygen sludge which it was detailed to high density and it was made 
to decentralize. Especially the gestalt of the minute oxygen sludge in the silicon wafer of nitrogen 
content forms an unstable sludge at an elevated temperature, and what exists in a silicon wafer surface 
field according to the out-diffusion effectiveness of oxygen in hydrogen down stream processing and the 
epitaxial single crystal deposition process which are a heat treatment process front [ in the above- 
mentioned epitaxial growth process ] is decomposed and contracted easily. Consequently, for size, a 
minute defect 20nm or more is 5x105 by diameter conversion. An individual / cm3 The field which is 
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the following forms easily in the field to a depth of 1 micrometer at least from the substrate silicon wafer 
front face not only an epitaxial layer but before epitaxial layer deposition. On the other hand, the 
detailed oxygen sludge inside a substrate differs from what exists near the substrate front face. Oxygen 
carries out out-diffusion, even if it passes through an epitaxial layer deposition process, without carrying 
out decomposition disappearance, dissolution disappearance is not carried out completely, but it is 
1x108. An individual / cm3 It remains above. It grows up in heat treatment of a device production 
process, induction of the crystal defect effective in IG operation is carried out, and it becomes possible 
to manufacture the silicon semi-conductor substrate which reinforced the IG effectiveness notably 
compared with the former. 

[0026] The 8th invention is the approach of using the silicon wafer which cooled the silicon single 
crystal with the above cooling rate by 2.0-degree-C/from coagulation temperature during silicon single 
crystal raising training by the CZ process or the magnetic field impression CZ process, and 
manufactured the 800-degree C crystal temperature requirement as a substrate wafer for epitaxial single 
crystal growth. 

[0027] Making a 800-degree C temperature field quench above by 2.0-degree-C/from coagulation 
temperature during silicon single crystal raising growth controls condensation of a point defect, and it 
makes a hole defect reduction-ize. Moreover, the nucleation of the oxygen sludge in the temperature 
field concerned controls, namely, generating of a stable oxygen sludge is controlled at an elevated 
temperature. Consequently, while size makes a hole defect 0.1 micrometers or more reduction-ize by 
diameter conversion in an epitaxial growth process at a substrate silicon wafer surface field (namely, 
interface field of an epitaxial layer and a substrate wafer), it is possible for size to also make a minute 
defect 20nm or more reduction-ize. 

[0028] Moreover, the 9th invention is the approach of using the silicon wafer which cooled the silicon 
single crystal with the above cooling rate by 1.0-degree-C/during silicon single crystal raising training 
by the CZ process or the magnetic field impression CZ process, and manufactured the 800 to 400 
degrees C crystal temperature requirement as a substrate wafer for epitaxial single crystal growth. 
[0029] It prevents that internal oxidation of the hole defect is carried out about a hole defect, and making 
a 800 to 400 degrees C temperature field quench above by 1.0-degree-C/during silicon single crystal 
raising growth changes to a stable oxide, consequently a hole defect is destabilized to heat treatment. On 
the other hand, although a nucleation rate is controlled, an oxygen sludge makes nuclear density increase 
and promotes detailed and decentralization. Thus, by growing epitaxially as a substrate wafer using the 
manufactured silicon wafer It sets at the high-temperature-processing process of an epitaxial growth 
process, and is a silicon wafer surface field (). Namely, while size makes the interface field of an 
epitaxial layer and a substrate wafer reduction-ize a hole defect 0.1 micrometers or more by diameter 
conversion, size also makes a minute defect 20nm or more reduction-ize. The silicon semi-conductor 
substrate which, on the other hand, forms in the interior of a silicon substrate the high-density minute 
defect which reinforces IG capacity can be manufactured. 

[0030] The 10th invention is what combined the effectiveness of both quenching of a 800-degree C 
temperature field, and 800 to 400 degrees C quenching from coagulation temperature. In a substrate 
silicon wafer surface field (namely, interface field of an epitaxial layer and a substrate wafer), detailed- 
izing and the destabilization of a hole defect or an oxygen sludge will be done further, and the reduction 
effectiveness will be shown in an epitaxial process. On the other hand The high-density crystal defect 
which reinforces the IG effectiveness in a device production process is made generated in the interior of 
a substrate silicon wafer. Heightening the cooling effect for a single-crystal-silicon ingot during raising 
growth has the effectiveness that will heighten the refrigeration capacity in a coagulation interface, and 
usually increases the rate of crystal growth, and crystal productivity improves, and the effectiveness 
made to bring about and low-cost-ize. 

[003 1] The 1 1th invention is the manufacture approach of the substrate silicon wafer which combined 
the technique changed the cooling conditions of the silicon crystal under nitrogen addition and raising 
growth, and it is the epitaxial silicon substrate manufacture approach of bringing about the effectiveness 
make the crystal defect consistency inside a substrate silicon wafer increase further while making it easy 
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to disappear the crystal defect of the substrate silicon-wafer front face in front of epitaxial growth more 
notably, according to the effectiveness of nitrogen addition, and the synergistic effect of the crystal 
quenching effectiveness under raising. 

[0032] The 12th invention is the approach of performing elevated-temperature heat treatment before 
epitaxial growth to the nitrogen addition substrate wafer described above, nitrogen and an oxygenation 
substrate wafer, the substrate wafer to which the crystal cooling conditions in crystal pulling were 
changed further, and the substrate wafer obtained with those combination in order to promote defect- 
free-ization of a substrate wafer front face more completely, and making remarkable the difference of 
the crystal defect consistency of a front face and the interior. 1 100 degrees C or more 1200 degrees C or 
less 1000 degrees C or more 1300 degrees C or less are desirably suitable for heat treatment 
temperature. If temperature is low, the out-diffusion of oxygen or a hole will take great time amount, if 
temperature is too high, whenever [ under crystal / thermal equilibrium oxygen dissolution ], or 
whenever [ thermal equilibrium hole dissolution ] will go up, and the out-diffusion of oxygen or a hole 
will stop being able to occur easily. Moreover, above 1 150 degrees C, the more it becomes an elevated 
temperature, the more the problem of the field dry area of a substrate wafer front face arises. Moreover, 
generally, in case a heat treating furnace is worked at an elevated temperature, it is desirable that heat 
treatment temperature can be made low in order to decrease the danger since it becomes easy to produce 
contamination of an unexpected furnace body. Therefore, it is desirable to heat-treat at the lowest 
possible temperature in the above-mentioned temperature requirement, taking into consideration the 
allowed time of the heat treatment time amount from the depth and the economical viewpoint of a 
defect-free layer required for the substrate wafer surface field in front of epitaxial growth. 
[0033] If based on our examination result, to the epitaxial substrate silicon wafer for single crystal layer 
growth by law by the 7-1 1th invention, a nearly completely defect-free field can form in the substrate 
silicon wafer surface section by heat-treating 5 minutes or more on the above-mentioned temperature 
conditions. As the heat treatment approach, although an oxidizing atmosphere is sufficient, in order to 
eliminate formation of an oxide film unnecessary for epitaxial layer deposition, it is desirable to heat- 
treat in a non-oxidizing gas ambient atmosphere. 

[0034] As mentioned above, the crystal which nitrogen was controlled [ crystal ] moderately and made it 
contain in the case of crystal training, The crystal which made oxygen add furthermore, or the crystal 
which controlled the crystal cooling conditions in the case of crystal training, And by manufacturing an 
epitaxial silicon single crystal substrate, using the crystal which combined them, and the crystal which 
performed moderate heat treatment before epitaxial growth to said each crystal as a substrate wafer for 
epitaxial It is not necessary to perform multistage or complicated heat treatment before simpler than 
before and easy, i.e., epitaxial layer deposition which is known conventionally. By low cost There is no 
defective generating in the inside of an epitaxial layer, and an epitaxial layer / substrate interface, it can 
improve in quality more than before, and the silicon semi-conductor substrate which fully has gettering 
capacity can be obtained inside a substrate. 

[0035] The conceptual diagram of the silicon semi-conductor substrate which deposited the epitaxial 
layer is shown in the substrate silicon wafer of nitrogen content of this invention at drawing 1 . In 
drawing 1 , whenever Id [ of IG layers ], and defective dense, the epitaxial layer 3 has accumulated 
through an epitaxial layer / substrate wafer interface 2 on nitrogen addition substrate silicon wafer la 
which consists of change field lc and defect-free field lb gradually. Moreover, the conceptual diagram 
of the silicon semi-conductor substrate which deposited the epitaxial layer for the silicon wafer (nitrogen 
additive- free) manufactured on specific cooling conditions at the time of crystal pulling of this invention 
as the substrate wafer on the surface of Perilla fiutescens (L.) Britton var. crispa (Thunb.) Decne. is 
shown in drawing 2 . In drawing 2 , whenever Id [ of IG layers ], and defective dense, the epitaxial layer 
3 has accumulated through an epitaxial layer / substrate wafer interface 2 on the substrate silicon wafer 1 
which consists of change field lc and defect-free field lb gradually. 
[0036] 

[Example] This invention is not restricted by the publication of these examples although the example of 
this invention is given and explained below. 
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[0037] The manufacture approach which is common in the specification of the pull-up crystal in this 
invention is described. The diameter of a crystal is an object (diameter of 205mm) for 8 inches, a 
conduction type is P type (boron dope), and resistivity is 10-ohmcm. In addition, separate [ the above- 
mentioned crystal ], the diameter of a crystal is an object (diameter of 205mm) for 8 inches, and the 
conduction type also prepared the crystal P type (boron dope) and whose resistivity are 0.02-ohmcm. An 
oxygen density adjusts magnetic field impression conditions, crucible rotational speed, etc., and is 9.0 - 
10.0x1017 atoms/cm3 as 7.0 - 8.0x1017 atoms/cm3 and a hyperoxia field as 2.0 - 5.0x1017 atoms/cm3 
and an inside oxygen field as a hypoxia field. Three kinds of concentration (an oxygen density is 
measured by infrared absorption spectrometry, and computes concentration using the oxygen density 
conversion factor by Japan Electronic Industry Development Association) were manufactured. For 
carbon concentration, any crystal is 1 .0x1016 atoms/cm3. It is the following (it measures by infrared 
absorption spectrometry and concentration is computed using the carbon concentration conversion factor 
by Japan Electronic Industry Development Association). Any crystal dissolved about 80kg raw material, 
and created the about 60kg single crystal ingot with a diameter of 205mm. Addition of nitrogen was 
performed by melting to coincidence the wafer which formed the nitride in the silicon substrate of a non 
dope with the CVD method (Chemical VaporDeposition: chemical-vapor-deposition method) at the time 
of the dissolution of a raw material. The nitrogen concentration in silicon melt calculated the nitrogen 
volume per sheet from the thickness of the nitride of the wafer with a nitride fused to coincidence as a 
raw material, and restricted and controlled the number of sheets of the wafer with a nitride which should 
be added to the nitrogen concentration of an aim. The nitrogen concentration in a silicon single crystal is 
1.0x1014 atoms/cm3 which is the minimum limit of detection of SIMS although measured by SIMS. 
About the concentration of the following, it asked by count from the parallel segregation coefficient. In 
addition, the nitrogen concentration under crystal is 1.0x1014 atoms/cm3. Although the nitrogen 
concentration in the wafer by SIMS was not able to carry out a quantum like the above-mentioned by the 
following concentration, in the case of three or more 1.0x1013 atoms/cm nitrogen concentration, 
increase of a local nitrogen signal was accepted by SIMS on level twice [ more than ] the reinforcement 
of the background. 

[0038] In manufacture of a silicon semi-conductor substrate, the wafer which carried out slice - mirror- 
polishing - washing finishing of the crystal which carried out raising training after cutting and 
cylindrical grinding was used as the substrate wafer, the epitaxial growth system was loaded, the 
temperature up was carried out to 1 100 degrees C - 1 150 degrees C within the hydrogen gas ambient 
atmosphere, etching by hydrogen chloride gas was performed several minutes after that, and 5 
micrometers of epitaxial single crystal layers were grown up into the wafer front face at 1 150 degrees C 
using trichlorosilan gas. 

[0039] Evaluation of the silicon semi-conductor substrate obtained in this invention measured the 
number of COP defects of 0.1 micrometers or more which grinds 5 micrometers of substrate front faces, 
washes by SC-1 penetrant remover of ammonia:hydrogen-peroxide:water =1:1:5 about the silicon 
substrate surface which removed the epitaxial layer, and is detected at the laser particle counter LS 6000. 
Derivation of the volume density of a COP defect, i.e., a hole defect, repeated SC-1 washing and particle 
measurement 10 times, and computed them from the increment. Moreover, about evaluation of the depth 
direction, defect density with a size of 0.1 micrometers or more was measured by the diameter 
conversion which exist the silicon substrate which removed the epitaxial layer by polish in a location 
with a depth of 1 micrometer with an infrared laser interference method defective measuring device 
(OPP:Optical Precipitate Profiler). The defect 0.1 micrometers or more detected by OPP has the relation 
of 1 : 1 to the COP defect density obtained by the particle measuring method. Size investigated the 
consistency of the crystal defect inside the minute defect which exists in a depth of 1 micrometer under 
the interface of an epitaxial layer, an epitaxial layer, and a substrate wafer with the defective measuring 
device (infrared laser tomograph) by the infrared laser scattering-about method, and the substrate wafer 
which becomes the capacity index of the IG effectiveness further (thickness core) about the minute 
defect 20nm or more by diameter conversion. Moreover, 1x1010 piece/cm3 About the above minute 
defect, density measurement also of the transmission electron microscope was used and carried out. 
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Furthermore, as one of the heat treatment patterns of device manufacture of the silicon semi-conductor 
substrate after epitaxial growth, the 800-degree-C and heat treatment back of 4 hours was performed by 
nitrogen-gas-atmosphere mind, 1000 degrees C performed heat treatment of 16 hours in the oxygen 
ambient atmosphere, and the existence of formation of light etching which is an infrared laser 
tomograph and a defective detection selection etching reagent of the crystal defect in 3 -micrometer deed 
epitaxial layer was evaluated after that, moreover, although the index of gettering capacity be made into 
bulk defect density, the basis be metal impurities, such as copper, nickel, and iron, intentionally to an 
epitaxial silicon semi-conductor substrate front face 1012 atoms/cm2 30mm 2 after carry out extent 
contamination and perform after that CMOS heat treatment which be standard heat treatment of a device 
production process the P/N junction component of size be created on the substrate, and it be based on 
the result of having investigate the variation of the intentionally contamination existence of P/N leakage 
current. The one of augend of the P/N leakage current after intentionally contamination where the defect 
density in bulk is higher has decreased, and the example of evaluation is understood that gettering 
capacity is high, as shown in drawing 7 . 

[0040] The conclusion of the description of the manufacture conditions about the example of a 
comparison, a defective evaluation result, and a life time evaluation result is shown in Table 1 (a), (b) - 
Table 12 (a), and (b) at the example of this invention and Table 13 (a), (b) - Table 14 (a), and (b). 
[0041] (Examples 1-6) In the examples 1-6, it pulled up and raised using CZ single-crystal-growth 
equipment as shown in drawing 3 on manufacture conditions as shown in Table (a) (a) 1 and 2. In 
addition, what requires Table 1 (a) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal 
whose table 2 (a) is the resistivity cm of 0.02ohms are started. Moreover, low concentration, two high- 
concentration kinds, and the oxygen density of nitrogen concentration level are three kinds of quantities 
into low. 

[0042] This CZ process single-crystal-growth equipment is the usual equipments which are not installed, 
such as a crystal cooling system, and is the silicon single crystal raising furnace 4 in which it pulls up 
with the crucible 9 which consisted of quartz crucible 9a which holds silicon melting liquid M, and 
crucible 9made from graphite b which protects this, and the silicon crystal S is held. The lateral portion 
of a crucible 9 is installed so that a heat insulator 6 may enclose, in order to prevent that the heat from 
the heating heater 7 and the heating heater 7 escapes to the crystal-pulling furnace exterior. In order to 
compensate with a silicon melt oil level falling with reduction of the silicon melt in a crucible 9, it 
makes it go up and down a crucible 9, while the rotation fixture 8 connects with the driving gear which 
is not illustrated and this crucible 9 rotates at the rate of predetermined with this driving gear. In the 
raising furnace 4, it pulls up, a wire 10 is installed and the chuck 12 holding seed crystal 1 1 which hung 
is formed in the lower limit of this wire. The upper limit side of this raising wire 10 is rolled round by 
the wire loop wheel machine 5, and the raising equipment which came to pull up a silicon single crystal 
ingot is formed. And gas, such as Ar gas, is introduced into four in a raising furnace from the gas inlet 
13 formed in the raising furnace 4, the inside of the raising furnace 4 is circulated, and it is discharged 
from the effluence-of-gas opening 14. Thus, it is for pulling up SiO, CO, etc. which are generated in 
four in a raising furnace used as the factor which checks silicon single crystal training, and making it 
discharge promptly outside a furnace to circulate gas. Although especially magnetic field impression 
equipment is not indicated, it can install magnetic field impression equipment around a pull-up furnace 
body, and can raise it also under magnetic field impression. 

[0043] An example 1 is [ inside oxygen and the example 3 of hypoxia and an example 2 ] low nitrogen 
level on low nitrogen level in low nitrogen level, and the hyperoxia and an example 4 are [ inside 
oxygen and the example 6 of hypoxia and an example 5 ] the crystals of the hyperoxia on high nitrogen 
level in high nitrogen level with high nitrogen level. Coagulation temperature (Tm) -800 degree C of the 
crystal cooling rate was not necessarily above by 2.0-degree-C/in these all temperature requirements in 
the range for a part for 2.4-degree-C/to 0.8-degree-C/. Moreover, in the 800 degrees C - 400 degrees C 
crystal temperature field, it was not necessarily above by 1 .0-degree-C/in these all temperature 
requirements in the range for a part for 1.2-degree-C/to 0.5-degree-C/. These crystals carried out 5- 
micrometer epitaxial growth of the single crystal layer to the substrate wafer after wafer processing on 
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the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the silicon semi- 
conductor substrate. A crystal evaluation result is shown in Table (b) (b) 1 and 2. It sets to the field from 
the interface of the substrate silicon wafer before an epitaxial layer and epitaxial layer deposition to a 
depth of 1 micrometer, and, for the defective (hole defect) consistency of 0.1 micrometers or more, any 
crystal is [ the size of diameter conversion ] 1.0x103. An individual / cm3 It decreases notably below 
and is 105 also about a minute defect 20nm or more by diameter conversion. An individual / cm3 
Compared with the former, it is reduction-ized on level. On the other hand, for minute defect density 
20nm or more, in the thickness core field (bulk field) of this substrate wafer, any crystal is 1.0x109. An 
individual / cm3 It is above and the remarkable increment in a defect effective in the IG effectiveness is 
seen. In addition, there was no crystal defect generating in the epitaxial layer after heat treatment 
evaluation, the defect-free layer under [ an epitaxial layer to ] a substrate silicon wafer front face 
(namely, interface of an epitaxial layer and a substrate wafer) was large, and there was no ejection to the 
epitaxial layer of the minute defect of an oxygen sludge etc. The cross-section structure conceptual 
diagram of the silicon semi-conductor substrate in this example is shown in drawing 1 . 
[0044] (Examples 7-9) Also about examples 7-9, it pulls up to Table 3 (a), (b), and Table 4 (a) and (b), 
and the manufacture conditions and evaluation result of training are shown. In addition, what requires 
Table 3 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 4 (a) and 
whose (b) are the resistivity cm of 0.02ohms are started. Using CZ single-crystal-growth equipment with 
which hypoxia and an example 8 installed the crystal cooling system 20 as inside oxygen and an 
example 9 been hyperoxia level and shown in drawing 4 in the raising furnace, the example 7 was pulled 
up and raised. In addition, although especially magnetic field impression equipment is not indicated, it 
can install magnetic field impression equipment around a pull-up furnace body, and can raise it also 
under magnetic field impression. Coagulation temperature (Tm) -800 degree C was the range for a part 
for 6.0-degree-C/to 2.0-degree-C/, and the crystal cooling rate was the above cooling rate by 2.0-degree- 
C/in all 800-degree C crystal temperature fields from Tm. The cooling rate of a 800 to 400 degrees C 
crystal temperature requirement was not necessarily the above cooling rate by 1 .0-degree-C/in these all 
temperature requirements in a part for part [ for 2.0 degrees-C/- ], and 0.5-degree-C/. The raised silicon 
single crystal carried out 5-micrometer epitaxial growth of the single crystal layer to the substrate wafer 
after wafer processing on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and 
produced the silicon semi-conductor substrate. In the field from the interface of an epitaxial layer and a 
substrate silicon wafer to a depth of 1 micrometer For the defective (hole defect) consistency of 0.1 
micrometers or more, any crystal is [ the size of diameter conversion ] 1.0x104. An individual / cm3 It 
decreases below. It is 105 also about a minute defect 20nm or more by diameter conversion. An 
individual / cm3 While being reduction-ized compared with the former on level For minute defect 
density 20nm or more, in the thickness core field (bulk field) of a substrate wafer, any crystal is 
1 .0x108. An individual / cm3 It is above and the remarkable increment in a defect effective in the IG 
effectiveness is seen. There is no crystal defect generating in the epitaxial layer after heat treatment 
evaluation, the defect-free layer was fully formed from the epitaxial layer under the substrate silicon 
wafer front face (namely, interface of an epitaxial layer and a substrate wafer), and there was no ejection 
to the epitaxial layer of the minute defect of an oxygen sludge etc. The cross-section structure 
conceptual diagram of the silicon semi-conductor substrate in this example is shown in drawing 2 . 
[0045] (Examples 10-12) Also about examples 10-12, it pulls up to Table 5 (a), (b), and Table 6 (a) and 
(b), and the manufacture conditions and evaluation result of training are shown. In addition, what 
requires Table 5 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 
6 (a) and whose (b) are the resistivity cm of 0.02ohms are started. Using CZ single-crystal-growth 
equipment with which hypoxia and an example 1 1 installed the crystal cooling system 30 as inside 
oxygen and an example 12 been hyperoxia level and shown in drawing 5 in the raising furnace, the 
example 10 was pulled up and raised. Although coagulation temperature (Tm) -800 degree C was the 
range for a part for 2.4-degree-C/to 1 .5-degree-C/and the crystal cooling rate was not the above cooling 
rate by 2.0-degree-C/in these all temperature requirements, the range of 800 to 400 degrees C was range 
for a part for 1 .6-degree-C/to 1 .2-degree-C/, and was the above cooling rate by 1. 0-degree-C/in all the 
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crystal temperature fields of this temperature requirement. The raised silicon single crystal carried out 5- 
micrometer epitaxial growth of the single crystal layer to the substrate wafer after wafer processing on 
the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the silicon semi- 
conductor substrate. It sets to the field from the interface of an epitaxial layer and a substrate silicon 
wafer to a depth of 1 micrometer, and, for the defective (hole defect) consistency of 0.1 micrometers or 
more, any crystal is [ the size of diameter conversion ] 1.0x104. An individual / cm3 It decreases below 
and is 105 also about a minute defect 20nm or more by diameter conversion. An individual / cm3 
Compared with the former, it is reduction-ized on level. In addition, there is no crystal defect generating 
in the epitaxial layer after heat treatment evaluation, the defect-free layer was fully formed from the 
epitaxial layer under the substrate silicon wafer front face (namely, interface of an epitaxial layer and a 
substrate wafer), and there was no ejection to the epitaxial layer of the minute defect of an oxygen 
sludge etc. 

[0046] (Examples 13-15) Also about examples 13-15, it pulls up to Table 7 (a), (b), and Table 8 (a) and 
(b), and the manufacture conditions and evaluation result of training are shown. In addition, what 
requires Table 7 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 
8 (a) and whose (b) are the resistivity cm of 0.02ohms are started. Using CZ single-crystal-growth 
equipment with which hypoxia and an example 14 installed the crystal cooling systems 20 and 30 as 
inside oxygen and an example 15 been hyperoxia level and shown in drawin g 6 in the raising furnace, 
the example 13 was pulled up and raised. The range of 800 more to 400 degrees C was range for a part 
for 2.0-degree-C/to 1 .2-degree-C/, from Tm, a crystal cooling rate is the range for a part for 6.5-degree- 
C/to 2.0-degree-C/, and it was [ coagulation temperature (Tm) -800 degree C was the above cooling rate 
by 2.0 degrees-C/in all 800-degree C crystal temperature fields, and ] the above cooling rate by 1.0- 
degree-C/further in all 800 to 400 degrees C crystal temperature fields, the raised silicon single crystal — 
after wafer processing and substrate wafer ****-- the front face was made to carry out 5-micrometer 
epitaxial growth of the single crystal layer, and the silicon semi-conductor substrate was produced. The 
wide range crystal temperature field from a coagulation interface to 400 degrees C will be quenched 
over the whole, and the minute defect beyond size 20nm is also notably reduced also for the hole defect 
more than 0.1 -micrometer size. The size of diameter conversion sets to the field from the interface of an 
epitaxial layer and a substrate silicon wafer to a depth of 1 micrometer, and all are [ the defective (hole 
defect) consistency of 0.1 micrometers or more ] 1.0x104. An individual / cm3 It decreases below and is 
5.0x104 also about a minute defect 20nm or more by diameter conversion. An individual / cm3 
Remarkable reduction is seen below. On the other hand, for minute defect density 20nm or more, in the 
thickness core field (bulk field) of a substrate wafer, any crystal is 1.0x108. An individual / cm3 It is 
above and the remarkable increment in a defect effective in the IG effectiveness is seen. There is no 
crystal defect generating in the epitaxial layer after heat treatment evaluation, the defect-free layer was 
fully formed from the epitaxial layer under the substrate silicon wafer front face (namely, interface of an 
epitaxial layer and a substrate wafer), and there was no ejection to the epitaxial layer of the minute 
defect of an oxygen sludge etc. 

[0047] (Examples 16-21) Also about examples 16-21, it pulls up to Table 9 (a), (b), and Table 10 (a) and 
(b), and the manufacture conditions and evaluation result of training are shown. In addition, what 
requires Table 9 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 
10 (a) and whose (b) are the resistivity cm of 0.02ohms are started. In this example, it pulled up and 
raised like examples 7-9 into the crystal which added nitrogen using CZ single-crystal-growth 
equipment as shown at drawing 4 . Coagulation temperature (Tm) -800 degree C was the range for a part 
for 6.0-degree-C/to 2.0-degree-C/, and the crystal cooling rate was the above cooling rate by 2.0-degree- 
C/in all 800-degree C crystal temperature fields from Tm. The cooling rate of a 800 to 400 degrees C 
crystal temperature requirement was not necessarily the above cooling rate by 1 .0-degree-C/in these all 
temperature requirements in a part for part [ for 2.0 degrees-C/- ], and 0.5-degree-C/. The raised silicon 
single crystal carried out 5-micrometer epitaxial growth of the single crystal layer to the substrate wafer 
after wafer processing on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and 
produced the silicon semi-conductor substrate. Nitrogen concentration and an oxygen density are the 
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same as that of the concentration described in the examples 1-6, an example 16 is [ inside oxygen and 
the example 1 8 of hypoxia and an example 17 ] low nitrogen level on low nitrogen level in low nitrogen 
level, and the hyperoxia and an example 19 are [ inside oxygen and the example 21 of hypoxia and an 
example 20 ] the crystals of the hyperoxia on high nitrogen level in high nitrogen level with high 
nitrogen level. It sets to the interface field of an epitaxial layer and a substrate silicon wafer, and, for the 
defective (hole defect) consistency of 0.1 micrometers or more, any crystal is [ the size of diameter 
conversion ] 1 .0x102. An individual / cm3 It is a zero level mostly in below, it also sets to the field from 
an interface to a depth of 1 micrometer further, and is 1 .0x103. An individual / cm3 It decreases notably 
below. It is 104 in the field from an interface and an interface to a depth of 1 micrometer also about a 
minute defect 20nm or more by diameter conversion. An individual / cm3 While being reduction-ized 
notably below, for minute defect density 20nm or more, in the thickness core field (bulk field) of a 
substrate wafer, any crystal is 3 1 .0x1010 pieces/cm. Extent existence is recognized and the remarkable 
increment in a defect effective in the IG effectiveness is seen. In addition, there was no crystal defect 
generating in the epitaxial layer after heat treatment evaluation, the defect-free layer was large under 
[ from an epitaxial layer ] the substrate silicon wafer front face (namely, interface of an epitaxial layer 
and a substrate wafer), and there was no ejection to the epitaxial layer of the minute defect of an oxygen 
sludge etc. 

[0048] (Examples 22-27) Also about examples 22-27, it pulls up to Table 9 (a), (b), and Table 10 (a) and 
(b), and the manufacture conditions and evaluation result of training are shown. In addition, what 
requires Table 9 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 
10 (a) and whose (b) are the resistivity cm of 0.02ohms are started. In this example, it pulled up and 
raised like examples 10-12 into the crystal which added nitrogen using CZ single-crystal-growth 
equipment as shown at drawing 5 . Although coagulation temperature (Tm) -800 degree C was the range 
for a part for 2.4-degree-C/to 1 .5-degree-C/and the crystal cooling rate was not the above cooling rate by 
2.0-degree-C/in these all temperature requirements, the range of 800 to 400 degrees C was range for a 
part for 1 .6-degree-C/to 1 .2-degree-C/, and was the above cooling rate by 1 .0-degree-C/in all the crystal 
temperature fields of this temperature requirement. The raised silicon single crystal carried out 5- 
micrometer epitaxial growth of the single crystal layer to the substrate wafer after wafer processing on 
the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the silicon semi- 
conductor substrate. Nitrogen concentration and an oxygen density are the same as that of the 
concentration described in the examples 1-6, an example 22 is [ inside oxygen and the example 24 of 
hypoxia and an example 23 ] low nitrogen level on low nitrogen level in low nitrogen level, and the 
hyperoxia and an example 25 are [ inside oxygen and the example 27 of hypoxia and an example 26 ] 
the crystals of the hyperoxia on high nitrogen level in high nitrogen level with high nitrogen level. 
Setting to the field from the interface of an epitaxial layer and a substrate silicon wafer to a depth of 1 
micrometer, defect density 0.1 micrometers or more is 1.0x103 by diameter conversion. An individual / 
cm3 It decreases notably below and is 104 in the field from an interface and an interface to a depth of 1 
micrometer also about a minute defect 20nm or more by diameter conversion. An individual / cm3 It is 
reduction-ized notably below. For minute defect density 20nm or more, in the thickness core field (bulk 
field) of a substrate wafer, any crystal is 1.0x109. An individual / cm3 Extent existence is recognized 
and the remarkable increment in a defect effective in the IG effectiveness is seen. In addition, there was 
no crystal defect generating in the epitaxial layer after heat treatment evaluation, the defect-free layer 
was large under [ from an epitaxial layer ] the substrate silicon wafer front face (namely, interface of an 
epitaxial layer and a substrate wafer), and there was no ejection to the epitaxial layer of the minute 
defect of an oxygen sludge etc. 

[0049] (Examples 28-33) Also about examples 28-33, it pulls up to Table 9 (a), (b), and Table 10 (a) and 
(b), and the manufacture conditions and evaluation result of training are shown. In addition, what 
requires Table 9 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 
10 (a) and whose (b) are the resistivity cm of 0.02ohms are started. In this example, it pulled up and 
raised like examples 13-15 into the crystal which added nitrogen using CZ single-crystal-growth 
equipment as shown at drawing 6 . The range of 800 more to 400 degrees C was range for a part for 2.0- 
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degree-C/to 1.2-degree-C/, from Tm, a crystal cooling rate is the range for a part for 6.5-degree-C/to 
2.0-degree-C/, and it was [ coagulation temperature (Tm) -800 degree C was the above cooling rate by 
2.0 degrees-C/in all 800-degree C crystal temperature fields, and ] the above cooling rate by 1.0-degree- 
C/further in all 800 to 400 degrees C crystal temperature fields. The raised silicon single crystal carried 
out 5-micrometer epitaxial growth of the single crystal layer to the substrate wafer after wafer 
processing on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the 
silicon semi-conductor substrate. Nitrogen concentration and an oxygen density are the same as that of 
the concentration described in the examples 1-6, an example 28 is [ inside oxygen and the example 30 of 
hypoxia and an example 29 ] low nitrogen level on low nitrogen level in low nitrogen level, and the 
hyperoxia and an example 31 are [ inside oxygen and the example 33 of hypoxia and an example 32 ] 
the crystals of the hyperoxia on high nitrogen level in high nitrogen level with high nitrogen level. It sets 
to the interface field of an epitaxial layer and a substrate silicon wafer, and, for the defective (hole 
defect) consistency of 0.1 micrometers or more, any crystal is [ the size of diameter conversion ] 
1 .0x102. An individual / cm3 It is a zero level mostly in below, it also sets to the field from this 
interface to a depth of 1 micrometer further, and is 102. An individual / cm3 It decreases extremely less 
than [ level or it ]. It is 102 in the field from an interface and an interface to a depth of 1 micrometer also 
about a minute defect 20nm or more by diameter conversion. An individual / cm3 It is extremely 
reduction-ized on level and the nearly perfect defect-free layer forms. On the other hand, in the thickness 
core field (bulk field) of a wafer, any crystal is 3 1.0x1010 pieces/cm about minute defect density 20nm 
or more. Extent existence is recognized and the remarkable increment in a defect effective in the IG 
effectiveness is seen. In addition, there was no crystal defect generating in the epitaxial layer after heat 
treatment evaluation, the defect-free layer was large under [ from an epitaxial layer ] the substrate 
silicon wafer front face (namely, interface of an epitaxial layer and a substrate wafer), and there was no 
ejection to the epitaxial layer of the minute defect of an oxygen sludge etc. 
[0050] (Examples 34-38) This examples 34-38 are the silicon semi-conductor substrates which 
manufactured so that might use as the epitaxial substrate wafer for single crystal layer deposition by law 
the silicon wafer which started and carried out wafer processing from the crystal which added nitrogen, 
it might heat-treat before epitaxial growth, and defect-free-ization might be performed in the depth more 
than before in this substrate silicon- wafer surface field and the defect of high density might exist in this 
substrate wafer core field, and deposited 5 micrometers of epitaxial layers after that. At this example, 
nitrogen concentration is 1.0x1019 atoms/cm3. An oxygen density is 1.0x1018 atoms/cm3 at the high 
concentration of level. For the effectiveness looked at by this example although high concentration level 
is indicated, nitrogen concentration is 5.0x1013 atoms/cm3. It is 1.0x1016 atoms/cm3 above. The 
following and an oxygen density are 1.0x1017 atoms/cm3. If it is the crystal manufactured in the above 
range, it will check that the same effectiveness is shown. The manufacture conditions and evaluation 
result of this example are shown in Table 1 1 (a), (b), and Table 12 (a) and (b). In addition, what requires 
Table 1 1 (a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 12 (a) 
and whose (b) are the resistivity cm of 0.02ohms are started. Crystal pulling was pulled up and raised 
using CZ single-crystal-growth equipment as shown in drawing 3 . Coagulation temperature (Tm) -800 
degree C of the crystal cooling rate was not necessarily above by 2.0-degree-C/in these all temperature 
requirements in the range for a part for 2.4-degree-C/to 0.8-degree-C/. Moreover, in the 800 degrees C - 
400 degrees C crystal temperature field, it was not necessarily above by 1 .0-degree-C/in these all 
temperature requirements in the range for a part for 1 .2-degree-C/to 0.5-degree-C/. Examples 34 and 35 
performed [ Ar ambient atmosphere / 1000 degrees C ] heat treatment for 5 minutes at 1300 degrees C 
by 60 minutes and Ar ambient atmosphere, respectively, in order that heat treatment might look at the 
effectiveness of heat treatment time amount, 60 minutes, 5 minutes, and an example 36 might look at the 
effectiveness of a heat treatment ambient atmosphere at 1 100 degrees C by Ar ambient atmosphere, 
respectively and 60 minutes and examples 37 and 38 might look at the effectiveness of heat treatment 
temperature at 1 100 degrees C by the oxygen ambient atmosphere. About the density distribution in the 
field from the epitaxial layer of a hole defect 0.1 micrometers or more, and the interface of a substrate 
silicon wafer to a depth of 1 micrometer, the oxygen atmosphere heat treatment of an example 36 is 
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removed by diameter conversion, and it is 1.0x102. An individual / cm3 It is defective distribution of a 
zero level mostly in below. It is also related with the oxygen atmosphere-heat-treatment wafer of an 
example 36, and the consistency of the hole defect concerned is 1.0x103. An individual / cm3 Compared 
with the former, it is decreasing notably on level. Moreover, size is 1 .0x104 about a minute defect 20nm 
or more by diameter conversion in the field from the interface of an epitaxial layer and a substrate 
silicon wafer to a depth of 1 micrometer. An individual / cm3 It has become the following and reduction 
of remarkable defect density is seen. On the other hand, for minute defect density 20nm or more, in the 
thickness core field (bulk field) of a substrate wafer, any crystal is 1.0x108. An individual / cm3 It is 
above and the remarkable increment in a defect effective in the IG effectiveness is seen. There is an 
inclination which a minute defect decomposes as temperature as an elevated temperature, and 1 100 to 
about 1200 degrees C are desirable. Moreover, much more reduction of a defect is seen in Ar ambient 
atmosphere whose ambient atmosphere is one of the inert gas compared with an oxygen ambient 
atmosphere. Although reduction of the defect density near an epitaxial layer interface is seen like long 
duration, the viewpoint of a manufacturing cost to 5-minute or more 60 or less minute extent is enough 
as heat treatment time amount for that there is a reduction inclination of the defect density of a wafer 
core field, and a pan. In addition, there was no crystal defect generating in the epitaxial layer after heat 
treatment evaluation, the defect-free layer was large under [ from an epitaxial layer ] the substrate 
silicon wafer front face (namely, interface of an epitaxial layer and a substrate wafer), and there was no 
ejection to the epitaxial layer of the minute defect of an oxygen sludge etc. 

[0051] (Examples 39-41) This examples 39-41 Use as the epitaxial substrate wafer for single crystal 
layer deposition by law the silicon wafer which carried out wafer processing of the crystal which 
quenched the crystal at the time of crystal pulling training without adding nitrogen, and it heat-treats 
before epitaxial growth. It is the silicon substrate which manufactured so that defect-free-ization might 
be performed in the depth more than before in this substrate silicon wafer surface field and the defect of 
high density might exist in this substrate wafer core field, and deposited 5 micrometers of epitaxial 
layers after that. At this example, an oxygen density is 1.0x1018 atoms/cm3. For the effectiveness 
looked at by this example although high concentration level is indicated, an oxygen density is 1 .0x1017 
atoms/cm3. If it is the crystal manufactured in the above range, it will check that the same effectiveness 
is shown. The manufacture conditions and evaluation result of this example are shown in Table 1 1 (a), 
(b), and Table 12 (a) and (b). In addition, what requires Table 1 1 (a) and (b) for the resistivity cm crystal 
it is [ crystal ] of lOohms, and the crystal Table 12 (a) and whose (b) are the resistivity cm of 0.02ohms 
are started. Pulling up and raising the example 39 using CZ single-crystal-growth equipment as shown 
in drawing 4 , coagulation temperature (Tm) -800 degree C was the range for a part for 6.0-degree-C/to 
2.0-degree-C/, and the crystal cooling rate was the above cooling rate by 2.0-degree-C/in all 800-degree 
C crystal temperature fields from Tm. The cooling rate of a 800 to 400 degrees C crystal temperature 
requirement was not necessarily the above cooling rate by 1.0-degree-C/in these all temperature 
requirements in a part for part [ for 2.0 degrees-C/- ], and 0.5-degree-C/. An example 40 is pulled up and 
raised using CZ single-crystal-growth equipment which installed the equipment which heightens the 
refrigeration capacity of a crystal as shown in drawin g 5 , and coagulation temperature (Tm) -800 degree 
C of a crystal cooling rate is the range for a part for 2.4-degree-C/to 1 .5-degree-C/. Although it was not 
the above cooling rate by 2.0-degree-C/in these all temperature requirements, the range of 800 to 400 
degrees C was range for a part for 1 .6-degree-C/to 1 .2-degree-C/, and was the above cooling rate by 1 .0- 
degree-C/in all the crystal temperature fields of this temperature requirement. An example 41 is pulled 
up and raised using CZ single-crystal-growth equipment which installed the equipment which heightens 
the refrigeration capacity of a crystal as shown in drawin g 6 , and coagulation temperature (Tm) -800 
degree C of a crystal cooling rate is the range for a part for 6.5-degree-C/to 2.0-degree-C/. It was the 
range for a part for 2.0-degree-C/to 1 .2-degree-C/, and from Tm, the range of 800 more to 400 degrees C 
was the above cooling rate by 2.0-degree-C/in all 800-degree C crystal temperature fields, and was the 
above cooling rate by 1 .0-degree-C/fiirther in all 800 to 400 degrees C crystal temperature fields. Also in 
which example, heat treatment of the substrate silicon wafer before epitaxial deposition was carried out 
at 1 100 degrees C by Ar ambient atmosphere for 60 minutes. Although the defect density reduction 
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effectiveness is remarkable in the crystal which quenched all the temperature fields from coagulation 
temperature to 400 degrees C, the defect density under an epitaxial layer interface reduces any crystal. 
On the other hand, in the substrate wafer thickness core field, it has sufficient defect density to heighten 
the IG effectiveness. In addition, there is no crystal defect generating in the epitaxial layer after heat 
treatment evaluation, and there was no ejection to the epitaxial layer of the minute defect of an oxygen 
sludge etc. 

[0052] (Examples 42-44) This examples 42-44 Use as the epitaxial substrate wafer for single crystal 
layer deposition by law the silicon wafer which carried out wafer processing of the crystal which added 
nitrogen at the time of crystal pulling training, and quenched the crystal, and it heat-treats before 
epitaxial growth. It is the silicon semi-conductor substrate which manufactured so that defect-free- 
ization might be performed in the depth more than before in this substrate silicon wafer surface field and 
the defect of high density might exist in this substrate wafer core field, and deposited 5 micrometers of 
epitaxial layers after that. At this example, nitrogen concentration is 1.0x1019 atoms/cm3. An oxygen 
density is 1.0x1018 atoms/cm3 at the high concentration of level. For the effectiveness looked at by this 
example although high concentration level is indicated, nitrogen concentration is 5.0x1013 atoms/cm3. 
It is 1.0x1016 atoms/cm3 above. The following and an oxygen density are 1.0x1017 atoms/cm3. If it is 
the crystal manufactured in the above range, it will check that the same effectiveness is shown. The 
manufacture conditions and evaluation result of this example are shown in Table 1 1 (a), (b), and Table 
12 (a) and (b). In addition, what requires Table 1 1 (a) and (b) for the resistivity cm crystal it is [ crystal ] 
of lOohms, and the crystal Table 12 (a) and whose (b) are the resistivity cm of 0.02ohms are started. 
Pulling up and raising the example 42 using CZ single-crystal-growth equipment which installed the 
equipment which heightens the refrigeration capacity of a crystal as shown in drawin g 4 , coagulation 
temperature (Tm) -800 degree C was the range for a part for 6.0-degree-C/to 2.0-degree-C/, and the 
crystal cooling rate was the above cooling rate by 2.0-degree-C/in all 800-degree C crystal temperature 
fields from Tm. The cooling rate of a 800 to 400 degrees C crystal temperature requirement was not 
necessarily the above cooling rate by 1 .0-degree-C/in these all temperature requirements in a part for 
part [ for 2.0 degrees-C/- ], and 0.5-degree-C/. An example 43 is pulled up and raised using CZ single- 
crystal-growth equipment which installed the equipment which heightens the refrigeration capacity of a 
crystal as shown in drawing 5 , and coagulation temperature (Tm) -800 degree C of a crystal cooling rate 
is the range for a part for 2.4-degree-C/to 1.5-degree-C/. Although it was not the above cooling rate by 
2.0-degree-C/in these all temperature requirements, the range of 800 to 400 degrees C was range for a 
part for 1 .6-degree-C/to 1 .2-degree-C/, and was the above cooling rate by 1 . 0-degree-C/in all the crystal 
temperature fields of this temperature requirement. An example 44 is pulled up and raised using CZ 
single-crystal-growth equipment which installed the equipment which heightens the refrigeration 
capacity of a crystal as shown in drawing 6 , and coagulation temperature (Tm) -800 degree C of a 
crystal cooling rate is the range for a part for 6.5-degree-C/to 2.0-degree-C/. It was the range for a part 
for 2.0-degree-C/to 1 .2-degree-C/, and from Tm, the range of 800 more to 400 degrees C was the above 
cooling rate by 2.0-degree-C/in all 800-degree C crystal temperature fields, and was the above cooling 
rate by 1 .0-degree-C/further in all 800 to 400 degrees C crystal temperature fields. Also in which 
example, heat treatment of the substrate silicon wafer before epitaxial deposition was carried out at 1 100 
degrees C by Ar ambient atmosphere for 60 minutes. Although the defect density reduction 
effectiveness is remarkable in the crystal which quenched all the temperature fields from coagulation 
temperature to 400 degrees C, size is also related with a minute defect 20nm or more by any crystal also 
about the hole defect beyond size 0.1 micrometer, and the defect density under an epitaxial layer 
interface is 102. An individual / cm3 The defect- free condition not more than level or it is realized 
nearly completely. On the other hand, the defect density of 20nm or more of substrate wafer thickness 
core fields is 109. An individual / cm3 It has the defect density which reinforces the IG effectiveness on 
level. In addition, there is no crystal defect generating in the epitaxial layer after heat treatment 
evaluation, and there was no ejection to the epitaxial layer of the minute defect of an oxygen sludge etc. 
[0053] (Examples 1-3 of a comparison) Crystal training was performed in the examples 1-3 of a 
comparison, without adding nitrogen. That is, it pulled up and raised with usual crystal training 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/4/2005 



Page 18 of 29 




equipment without the thing which form especially crystal quenching equipment as [ a thing ] shown in 
drawing^ , and coagulation temperature (Tm) -800 degree C of the crystal cooling rate was not 
necessarily above by 2.0-degree-C/in these all temperature requirements in the range for a part for 2.4- 
degree-C/to 0.8-degree-C/. Moreover, in the 800 degrees C - 400 degrees C crystal temperature field, it 
was not necessarily above by 1.0-degree-C/in these all temperature requirements in the range for a part 
for 1 .2-degree-C/to 0.5-degree-C/. The raised silicon single crystal carried out 5-micrometer epitaxial 
growth of the single crystal layer to the substrate wafer after wafer processing on the surface of Perilla 
frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the silicon semi-conductor substrate. 
The manufacture conditions and evaluation result of this example of a comparison are shown in Table 
13 (a), (b), and Table 14 (a) and (b). In addition, what requires Table 13 (a) and (b) for the resistivity cm 
crystal it is [ crystal ] of lOohms, and the crystal Table 14 (a) and whose (b) are the resistivity cm of 
0.02ohms are started. The examples 1 of a comparison are [ inside oxygen and the example 3 of a 
comparison of hypoxia and the example 2 of a comparison ] the crystals of the hyperoxia. The 
inclination, as for the defective (hole defect) consistency of 0.1 micrometers or more, for the one where 
an oxygen density is lower to fall [ the size of diameter conversion ] in the field from the interface of an 
epitaxial layer and a substrate wafer to a depth of 1 micrometer is 5.0x104 of a certain thing. An 
individual / cm3 It does not become below but is 105 in general. An individual / cm3 It is the high 
density of level. It sets also about a minute defect 20nm or more by diameter conversion to the field 
from the interface of an epitaxial layer and a substrate wafer to a depth of 1 micrometer, and a 
consistency is 5.0x105. An individual / cm3 It does not realize but the following is 1 .0x106. An 
individual / cm3 It is the above level. On the other hand, in the thickness core field (bulk field) of a 
substrate wafer, it is 1.0x107. An individual / cm3 On level, the remarkable IG effectiveness is not 
expectable, in addition, after heat treatment — setting — per wafer — some — formation (ejection to the 
epitaxial layer of an oxygen sludge and formation of a stacking fault) of the crystal defect of level was 
seen, and the epitaxial layer and the defect-free layer near the interface of a substrate wafer were narrow. 

[0054] (Examples 4-6 of a comparison) At the examples 4-6 of a comparison, the nitrogen concentration 
in melt is the addition of nitrogen at the time of crystal pulling training 5.0x1015 atoms/cm3 It considers 
as extent and the nitrogen concentration under crystal is 5.0x1012 atoms/cm3. It considered as extent. 
That is, the nitrogen addition was made into the minute amount. Crystal training was pulled up and 
raised with usual crystal training equipment without the thing which form especially crystal quenching 
equipment as [ a thing ] shown in drawing 3 , and coagulation temperature (Tm) -800 degree C of the 
crystal cooling rate was not necessarily above by 2.0-degree-C/in these all temperature requirements in 
the range for a part for 2.4-degree-C/to 0.8-degree-C/. Moreover, in the 800 degrees C - 400 degrees C 
crystal temperature field, it was not necessarily above by 1 .0-degree-C/in these all temperature 
requirements in the range for a part for 1 .2-degree-C/to 0.5-degree-C/. The raised silicon single crystal 
carried out 5-micrometer epitaxial growth of the single crystal layer to the substrate wafer after wafer 
processing on the surface of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the 
silicon semi-conductor substrate. The manufacture conditions and evaluation result of this example of a 
comparison are shown in Table 13 (a), (b), and Table 14 (a) and (b). In addition, what requires Table 13 

(a) and (b) for the resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 14 (a) and whose 

(b) are the resistivity cm of 0.02ohms are started. . The examples 4 of a comparison are [ inside oxygen 
and the example 6 of a comparison of hypoxia and the example 5 of a comparison ] the crystals of the 
hyperoxia. In the field from the interface of an epitaxial layer and a substrate wafer to a depth of 1 
micrometer The size of the defective (hole defect) consistency of 0.1 micrometers or more and the size 
of diameter conversion of diameter conversion is the same as that of the examples 1-3 of a comparison 
almost about the consistency of a minute defect 20nm or more. It does not see but the remarkable 
effectiveness of nitrogen addition is 105 in general to each defective size. An individual / cm3 Level and 
1 .0x106 An individual / cm3 It was high-density on level. On the other hand, also about the thickness 
core field (bulk field) of this substrate wafer, it does not see but the increment in defect density is 

1 .0x107. An individual / cm3 It is level and the remarkable IG effectiveness cannot be expected, in 
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addition — although all life time is satisfactory — after heat treatment -- setting - per wafer — some — 
formation (ejection to the epitaxial layer of an oxygen sludge and formation of a stacking fault) of the 
crystal defect of level was seen, and the epitaxial layer and the defect-free layer near the interface of a 
substrate wafer were narrow. 

[0055] (Example 7 of a comparison) For the example 7 of a comparison, the nitrogen concentration in 
melt is the addition of nitrogen at the time of crystal pulling training 4.5x1019 atoms/cm3 It considers as 
extent and the nitrogen concentration under crystal is 3.0x1016 atoms/cm3. It considered as extent. That 
is, extremely many nitrogen was added. Crystal training was pulled up and raised with usual crystal 
training equipment without the thing which form especially crystal quenching equipment as [ a thing ] 
shown in drawing 3 , and coagulation temperature (Tm) -800 degree C of the crystal cooling rate was 
not necessarily above by 2.0-degree-C/in these all temperature requirements in the range for a part for 
2.4-degree-C/to 0.8-degree-C/. Moreover, in the 800 degrees C - 400 degrees C crystal temperature 
field, it was not necessarily above by 1 .0-degree-C/in these all temperature requirements in the range for 
a part for 1 .2-degree-C/to 0.5-degree-C/. The raised silicon single crystal carried out 5-micrometer 
epitaxial growth of the single crystal layer to the substrate wafer after wafer processing on the surface of 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and produced the silicon semi-conductor 
substrate. The manufacture conditions and evaluation result of this example of a comparison are shown 
in Table 13 (a), (b), and Table 14 (a) and (b). In addition, what requires Table 13 (a) and (b) for the 
resistivity cm crystal it is [ crystal ] of lOohms, and the crystal Table 14 (a) and whose (b) are the 
resistivity cm of 0.02ohms are started. . In the field from the interface of an epitaxial layer and a 
substrate wafer to a depth of 1 micrometer, the atomic hole whose size of diameter conversion the 
defective ( hole defect) consistency of 0.1 micrometers or more and the size of diameter conversion be 
the components of the decomposed defect although the defect which became detailed from the 
effectiveness of nitrogen decompose easily about the consistency of a minute defect 20nm or more at the 
time of epitaxial growth and reduction be see, and impurity oxygen be spread in an epitaxial layer, and 
new defective formation be see in an epitaxial layer. 
[0056] 
[Table 1] 
*1 (a) 











mmmm 

/cm 3 


9I±9UK 
nun/ ft 


/cm 3 


/cm 3 


Tm~800TC 
>2.0t:/# 


800-40013 

>i.o~/# 






1.0E17 


0.8 


1.0E14 


3.0E17 










2.0E17 


0.8 


2.0E14 


8.0E17 








nmm3 


5.0E17 


0.8 


5.0E14 


9.5E17 










8.0E18 


0.8 


7.0E1S 


3.0E17 










1.0E19 


0.8 


1.0E16 


8.0E17 










9.0E18 


0.8 


8.0E15 


9.5E17 









o : «h*i. - : mmn 



$1 (b) 







<* lumfcSB 






1M X>0.1«ra 
/cm 3 


1M X>20nm 

/cm 3 


•9-fX>20nm 
/cm 3 


ffl/^-A 




9.0E2 


1.5ES 


1.0E9 






9.0E2 


6.5E5 


5.0E9 






8.5E2 


6.0E5 


6.0E9 






6.0E2 


1.0E5 


1.5E9 






6.0E2 


5.0E5 


6.0E9 






9.0E2 


5.5E5 


8.0E9 
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[Table 2] 









mmsm 

/cm 3 


5l±SflE 


/an' 


tests* 

/cm 3 


Tm-SOOt: 


800~400'C 
>1.0"C/$» 






5.0E16 


0.9 


S.0E13 


3.0E17 










1.0E17 


0.9 


1.0E14 


8.0E17 










2.0E16 


0.9 


2.0E13 


9.5E17 








$£&0]4 


1.0E19 


0.9 


1.0E16 


3.0E17 








*3SM 5 


1.0E19 


0.9 


1.0E16 


8.0E17 








mmme 


1.0E19 


0.9 


1.0E16 


9.5E17 









O : «_n. 



- : «5_fl- 



*2 <b) 





x_*_~* 






X__*« 


iJ-'l'yOO.l/im 

/cm 4 


-»MX>20nm 
/cm 3 


-tf--fX>20nm 
/an 3 


ffl/tfx/N 




8.0E2 


1.0E5 


3.0E9 






8.0E2 


5.0E5 


6.0E9 






7.5E2 


5.0E5 


6.5E9 






5.0E2 


1.0E5 


5.0E9 






5.0E2 


4.0E5 


8.0E9 






8.0E2 


5.0E5 


9.5E9 





[0058] 

[Table 3] 
3£3 < 



a) 










/cm 3 


mm/# 


/cm 3 


/cm 1 


Tm~800'C 
>2.0tV# 


800—4001; 
>1.0"C/# 




■EH 


1.2 




2.0E17 


O 






■B 


1.0 




8.0E17 


O 








1.1 




10.0E17 


O 







O : «H*U 



353 (b) 





x_#*_-S3S lAtm^S! 




x__*r& 




•t»-f X>0.1«m 
/cm* 


X>20nm 
/cm 3 


>O20nm 
/cm 3 






3.0E3 


1.0E4 


1.0E8 




gv*'i :: vfl«_ 


5.0E3 


2.0E4 


5.0E8 






6.0E3 


4.0E4 


5.5E8 
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*4 ( 












/cm 3 


mm/ft 


/era' 


/cm 3 


Tm~800'C 
>2.0'C/» 


800~400t: 

>i.otj/# 




fmmi i 




1.0 




2.0E17 


O 










1.0 




8.0E17 


O 










1.1 




10.0E17 


O 






S4 ( 


O : «Bl*l. 

b) 









>W9M& 




*-CX>0.1^m 
/cm 3 


1M X>20nm 
/cm 3 


1M X>20nm 
/cm 3 


fla/^xn 


HK«7 


2.0E3 


1.0E4 


2.0E8 


tfctB**ifcv» 




4.0E3 


1.0E4 


6.0E8 




SSSS0S9 


6.0E3 


4.0E4 


8.0E8 





[0060] 

[TableS] 
«5 i 






/cm 3 


mm/# 


J3A2* 

/cm 3 


/cm 3 


Tm~800t: 


800~400t3 

>i.ot;/# 


ms&m 




1.0 




3.0E17 




o 




■ wm 


0.9 




8.0E17 




o 






0.8 




10.0E17 




o 





*5 (b) 











*-fX>o.ixtm 
/cm 3 


1M X>20nm 
/cm 3 


•9-f X>20nm 
/cm 3 


ffl/T>xA 


mmm 10 


7.0E3 


5.0E4 


6.0E6 




___g u 


7.5E3 


9.0E4 


2.0E7 






9.0E3 


1.0E5 


4.5E7 
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[Table 6] 
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/cm 3 


SUiSSS 
mm/ ft 


/cm 3 


/cm 3 


Tm~800t: 

>2.ox:/ft 


800-400 "C 

>i.o~/# 








0.9 




3.0E17 




O 




Mini 




0.8 




8.0E17 




O 








0.8 




10.0E17 




O 




86 ( 


O : «H!*K 

b) 















t-fX>0.Um 
/cm 4 


1M X>20nm 
/cm 3 


-!M>C>20nm 
/cm 3 


ffla/^xA 




6.0E3 


4.0E4 


7.0E7 




I f 'will 


6.SE3 


7.0E4 


! 4.0E7 






8.0E3 


9.0E4 


8.0E7 




[0062] 

[Table 7] 
*7 ( 


a) 













/cm 3 




/cm 3 


/cm 3 


Tm-eOCC 
>2.0"C/» 


80O~4OOt: 
>UTC/# 








1.2 




3.0E17 


O 


o 








1.1 




8.0E17 


O 


o 








1.1 




10.0E17 


O 


o 





*7 (b) 





Xfcf#.pB~ _ 3 lwm^fii 






/cm 3 


■^-r X>20nm 

/cm 3 


U-f X>20nm 
/cm 3 


ffl/tfxA 


senw 13 


1.2E3 


8.0E3 


2.0E8 






3.0E3 


1.0E4 


6.0E8 




*3i0t]15 


4.SE3 


2.0E4 


5.5E8 
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£8 ( 


a) ->»J 3 0. 02Q • rm 










/on 3 


ram/* 


/cm 3 


/cm 3 


Tm~800'C 
>2.0t:/» 


8O0~4O0t: 

>i.ot:/# 








1.2 




3.0E17 


O 


O 








1.2 




8.0E17 


O 


o 








1.2 




10.0E17 


O 


o 




&8 ( 


O : «_ft 

b) 


wan 













iM/OO.ltfm 
/cm* 


■tK X>20mn 
/cm 3 


U-fX>20nm 
/cm 3 


iffl/^xA 




L0E3 


5.0E3 


4.0E8 






1.5E3 


1.0E4 


8.0E8 






3.0E3 


1.5E4 


9.6E8 
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S9 (a) '>U3>a«Jtfitt : 1 OQ • cm 



























Tm^80(rc 


AAA -—./lAnT" 


Mi An TBi 




/cm' 


fYltYl J 

111X11/ ,/J 


/cm 3 


/cm 




■^l.U V_, / 77 








V.O 


1 ^Pl^ 

1 ■ JUlO 


A AOl *7 


CJ 






_fttif_(Hl 1 7 




v .0 


1 5P13 


O AO 1 O 


0 






^/7Bl7g iO 




0 ft 

v.O 




10.0E17 


0 










i n 

1 .V 


1 OR! R 


4.0E17 


O 






<±ti&tm on 




1 a 


i api d 


8.0E17 


O 








o ait i q 


1 a 
l.U 


1 ACT ~. 


10.0E17 


O 










1 A 
l.U 


1 EDI Q 


3.0E17 




O 






o aw i a 


A fl 

U.O 




8.0E17 




CJ 




Uj fAftH OA 


O.UCrlO 


U.O 


A AC 1 O 


9.0E17 




/A. 
<J 






A KIT 7 a 


1.1 


_>.ui_ir> 


3-0E17 




/-> 






A CPl 51 


T A 
l.U 


O.UjDlD 


8.QE17 












A Q 


q Ap-ic 
O.VILID 


O API 7 










S.0E16 


1.2 


4 0E13 


4.0E17 


O 








5.0E16 


1.1 


4.0E13 


7.5E17 


O 


0 




353$ #130 


2.0E16 


1.1 


1.5E13 


9.5E17 


O 


0 




*J6«31 


2.0E18 


1*1 


1.0E15 


4.0E17 


O 


O 




*6SM32 


2.QE18 


1.1 


1.0E15 


7.5E17 


O 


0 






2.0E18 


1.1 


1.0E15 


9.5E17 


O 


0 





*9 (b) 





xtrflt-H~»a lamias 








•9--fX>0.1tfm 
/cm 8 


*-fX>20nm 
/cm 3 


+M X>20nm 
/cm 3 






4.0E2 


1.2E3 


8.0E9 




gjgfl 17 


4.5E2 


2.0E3 


1.0E10 






6.0E2 


2.0E3 


1.5E10 






1.2E2 


1.2E3 


1.0E10 






1.5E2 


1.2E3 


2.0E10 




I mmi 21 


2.0E2 


1.2E3 


2.5E10 






6.0E2 


1.8E3 


8.5E8 






8.5E2 


6.0E3 


1.0E9 






9.5E2 


6.0E3 


2.0B9 






4.0E2 


1.2E3 


1.5E9 




5SI&0»|26 


6.0E2 


1.5E3 


3.0E9 






7.0E2 


1.5E3 


5.0E9 




28 


<1.0E2 


6.0E2 


1.0E10 






2.4E2 


9.0E2 


1.2E10 




mam 30 


3.0E2 


9.0E2 


2.1E10 




&ffi0<J 31 


<1.0E2 


6.0E2 


1.5E10 




%SS#i32 


<1.0E2 


3.0E2 


2.3E10 




*Jftffl33 


1.2E2 


3.0E2 


2.5E10 
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ft 1 0 


(a) 




P 




>S«ifclStt 


: 0. 0 2 Q 


m 

• cm 
















/cm* 


mm/# 


/cm 3 


asm** 

/cm 3 


Tm^800t: 

>2.ot:/» 


800^400^ 
>l/TC/# 






2.0E16 


0.9 


1.6E13 


4.0E17 


o 






§fc!SW 17 


2.0E16 


1.0 


1.5E13 


8.0E17 


O 


_ 




*J8# 18 


5.0E16 


1.0 


4.0E13 


10.0E17 


O 


_ 




35S6« 19 


2.0E18 


0.9 


1.0E15 


4.0E17 


O 


- 




9KJMV 20 


2.0E18 


1.0 


1.0E15 


8.0E17 


o 


_ 




*I_#J21 


2.0E18 


1.0 


1.0E1S 


10.0E17 


O 


_ 




*«W 22 


2.0E16 


0.8 


1.SE13 


3.0E17 




o 




$*aS« 23 


2.0E16 


0.8 


1.5E13 


8.0EL7 


- 


o 


— 


*JS« 24 


5.0E16 


0.8 


4.0E13 


9.0E17 




o 


_ 




4.5E18 


0.8 


3.0EI5 


3.0E17 


_ 


o 





*J6«26 


4.5EI8 


0.8 


3.QE15 


8.0E17 


- 


o 




*8fi«27 


4.5E18 


0.9 


3.0E15 


9.0E17 




o 




*JS«28 


5.0E16 


1.1 


4.0E13 


4.0E17 


o 


o 




29 


5.0E16 


1.2 


4.0E13 


7.5E17 


o 


o 






2.0E16 


1.2 


1.5E13 


9.5E17 


o 


o 






2.0E18 


1.2 


1.0E15 


4.0E17 


o 


o 




32 


2.0EL8 


1.2 


I.0E15 


7.5E17 


o 


o 




*XM 33 


2.0E18 


1.2 


1.0E1S 


9.5E17 


o 


o 





*1 0 (b) 













/an 5 


7cm 5 


*<X>20nm 
/cm 3 


H/^xA 




3.0E2 


1.0E3 


1.0E10 




mmmn 


3.0E2 


1.5E3 


1.5E10 




9Ug0U8 


4.0E2 


1.5E3 


1.5E10 






1.0E2 


L0E3 


1.0E10 




mi&m 20 


1.0E2 


1.0E3 


1.5E10 






1.0E2 


1.0E3 


2.0E10 




nam 22 


4.0E2 


1.0E3 


1.0E9 




23 


6.0E2 


4.0E3 


1.0E9 






6.0E2 


5.0E3 


2.0E9 




1 ntefr) 25 1 3.0E2 


1.0E3 


3.0E9 






4.0E2 


1.0E3 


1.5E9 




t.Wilii 


6.0E2 


1.0E3 


3.0E9 




mmm 2s 


<1.0E2 


3.0E2 


2.0E10 






<1.0E2 


S.0E2 


2.0E10 






<1.0E2 


5.0E2 


2.5EI0 






<1.0E2 


2.0E2 


3.0E10 






<1.0E2 


1.0E2 


3.0E10 




XSM33 


1.0E2 


2.0E2 


3.5E10 
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«l 1 (a) 



>"Jn>_«„_„: i oo • cm 

















Bass* 

/cm 


mm/ ft 


/cm 


/cm 3 


Tm-SOOt: 
>2.0'C/^ 


800^400t 




£2809 34 


1.0E19 


0.8 


1.0E16 


10.0E17 






CD 


*3S«35 


8.0E18 


0.8 


5.0E15 


10.0E17 


_ 


_ 


\ *i / 


*»«3d 


8.0E18 


0.8 


5.0E15 


10.0E17 


_ 




( R ^ 

\ 3 J 


Stffift 37 


8.0E18 


0.8 


5.0E15 


10.0E17 






(4) 


S£8S#J38 


8.0E18 


0.8 


5.0E15 


10.0E17 






(5) 


^zSwl 39 




0.8 




10.0E17 


o 




(I) 


*ffi«40 




0.8 




10.0E17 




o 


<1) 


**«41 




0.8 




10.0E17 


o 


o 


(l> 


*66«42 


8.0E18 


1.0 


5.0E15 


10.0E17 


o 




(1) 




4.SE18 


0.9 


3.0E1S 


9.0E17 




o 


<1> 


S2BOT44 


8.0E18 


1.1 


5.0E15 


10.0E17 


o 


o 


(1) 



O : «BA. 



nam* 


<i> 


Ar. IIOCC, 60 # 




(2) 


Ar. lioot:. Sft 




(3) 


o*. lioot, 60 & 




(4) 


Ar. 1000*0. 60 » 




(5) 


Ar, 1300*C, 5 5r 



il 1 


(b) 










X *_■*__-«!<_ Um^ffi 




xea^sa 






+Nf;O20nm 


*M'X>20nm 


ffl/tfxA 




/on* 


/cm 3 


/cm 3 




3M6W34 


<1.0E2 


9.0E2 


L.0E9 




fc£i___ 


<1.0E2 


1.0E4 


1.0B9 




_____J 


1.2E3 


3.0E3 


L.0E9 






<1.0E2 


1.0E4 


1.0E9 




_3g__g 


<1»0E2 


<1.0E2 


1.0E8 






4.5E2 


1.2E3 


5.0E8 






9.5E2 


1.2E3 


1.0E8 






3.0E2 


1.2E3 


6.0E8 






<1.0E2 


3.0E2 


2.0E9 






<1.0E2 


6.0E2 


1.0E9 




l«i«44l <1.0E2 


<1.0E2 


3.0E9 
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*12 (a) ->>J3>_«Jt_ifi: 0. 0 2Q-cm 









/cm 3 


5\±3&& 
mm/ft 


/cm 8 


/cm 3 


Tm^soot; 


800~40(TC 
>1.0 , C/» 




^ZiitFl 34 


1.0E19 


0.9 


1.0E16 


10.0E17 


— 


- 


(i) 


Mmm 35 


8.0E18 


0.9 


S.0E15 


10.0E17 


— 


- 


(2) 


§?850!I 36 


8.0E18 


0.9 


5.0E15 


10.0E17 


— 


- 


(3) 


firnm 37 


8.0E18 


0.9 


5.0E15 


10.0EI7 




- 


(4) 


5fc5_« 38 


8.0E18 


0.9 


5.0E15 


10.0E17 






(5) 


__i_i on 




0.8 




10.0E17 
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and a substrate wafer, defective generating is very little substrate, and the silicon semi-conductor 
substrate of this invention is a substrate which does not produce generating of the crystal defect to an 
epitaxial layer even if it passes through a device manufacture heat treatment process, and the interior 
sludge of a wafer is the epitaxial wafer which was excellent in the gettering capacity in device process 
heat treatment enough for a certain reason. The manufacture approach of this invention can manufacture 
said silicon semi-conductor substrate by low cost more simply than before and easily. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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0 17 atoms/cm 3 JH±<Dfy =»>^ ^/^t^X h U- h 

-eCD^ffiK: X f £ * :> + ;bf£CC <t^> , j3> 40 

m*"CC0««CC*5Ci-C. m.WkWV0. 1 /umi^±0*S 
fiftffi©ffiff#5x 1 0 4 i/cm 3 fetT~C\ ^oIS 
S»T2 0 nm!£±<Dte&Xn<D&BL&5 x l 0 5 ffl/ 
cm 3 «Tt*4Cit1«4t4*»f«fiiT*C 
£CC«J:!K iWffi©^^»jedJfiC&ftC^XISxt-^ 
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[00 19] fcfcj *5©*WI*»2-4(DJHBOxt: 

£ 1 . 0X1 0 13 atoms/cm 3 feLt 1 . 0 X 1 0 16 atoms/ 
[0 02 0 ] ^lCD^r^O/c<fc ; 5C<:^yr3>^*£ 

ir\ ±i i/ct^^ hu - f y 3 > ■? * ©ss 

[0 02 1 ] JfiecWMBtt. »1-5©»I8-C 

t, figjftjrc 2 0 n m£l±OttA^ieo«ft^ l x l 
0 8 ft/ cm 3 K±"t?*S-^y3>**iMI*^**. 

grif^* hi/- x^*ffl*>6 1 ymd:DS 

it^hu- h^*^rtas«i«ccaa!w-c2 o 

•nmJM±©te*^H* 1*10' 1/cm 3 «±??S£ 
^«BPU:»l/ , rW«ifty 9 * y >y*B**S6*»«cft 

[0 02 2 ] ft**. _bEl/fc* 1 ~» 6 V "J 

[0 02 3 ] «±<£>J: 5 ft~> y => >*a»*««©Kfi^ 

[0 024]»7©»Wtt, 1- Ox 1 0 1 6 atoms/cm 3 
KLhl . 5X1 0 ^9 atoms/a^ , WT^D^^r^Wt* 4 v' 

y 3 >»*«rfli^t: c zmxm&UHitac zmc j: 9 * 

13 i/ y n >^Bi^iiT4'> y n 

iB*ttr*». c©SS©»ic*wBi. 0x10 

1 6 atons/cm 3 J^± 1 . 5 x 1 0 1 9 atoms/cm 3 £TFCD^ 
^rg^-r £ ^ y a >W**«t»T C Z ttX»«B»EP»nC 

zttficionrfiEL^yav****^^^' 

* 4 gnro*b-c»6*i*5/y3> , >*^**^bu 



n 

wMmmwcmxz s@^<d*ss* 

ttH*9&**l£fi*^^4^**^ W. Zulehner an 
d D. Huber; Crystals 8 -Growth, Properties, and Ap 
plications-, p. 28 (Springer-Verlag, New York ,1582) 

B»*«^r*6flWfiR^*ciK:J:0JHS*5. Ox l 

O^atums/on 3 1U± 1 . 0 X 1 0 1 6 atoms/cm 3 J^T^W 10 

*WJl/fiSfiffitt* »*B£«MTtff »« 
JEKftflftC* 7KSR*"^*Hart'C^f£ (— f8ttCU9 0 0*C 

i 2 o crco^ffirto— jaaft) ©HiSiS*"CjWft 

[0 0 2 5 ] fflR* 1.0X1 0 13 atoms/cm 3 J^Jh 1 . 
0 X 1 0 1 5 atoms/cm 3 HTO«*"C***« «fc 5 (tl£fi 20 

sh*^i/3>»»«, »rio*9i!rRiiiofci*JO, 

«FfC3Bfifflfi*i 1 1 5 0'C~ 1 0 5 0 'CSK©f£H<Z)Jt 
B*««ftr*. SBR« 1 00 0'C-4 5 0TO 

0 n mtl±©»4>fcB#5 xiO 1 ffl/c m 3 J£JTT-£> 
£ J: 5 feSPxf^'> * fcfx f 

4iC[«Si€fl x l 0 B il/cro 3 ^±r^S 

fflcc^*«ji^B£iSss , £. fiEjfecctt^raacc i 
gj»*«:*«3 *fc^ v ^ Sis-r £ C <h 

[0 0 2 6 ] f8 0M-J, CZffiXttffiWEPSDCZffi 

tcct o f y =3 >*»ft5 i±»jaE*fc^ y =i 50 
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6 8 0 0 °C<Dl£SSei5B4 2 . 0 # C/»J£i± 

<o»a«Effi"C?ft4PLii£ L/c^ »; n > r> x ^ £x t:* * 

[0 0 2 7] i/y=i>*Ba?i±jSRfi*«:*ji»r, &@ 
6 8 0 0 °CCDfig«*£ 2 . o •c/#J£LbrSi?£ 
$t^Ci('l *^BOWR*»iMl/ffiTL^B*fi«fb 

xfc-**^*jUfiKftx««c*ji>r 
t^Hz-h^'J-a^^^ia* (Tftto^ x 
t'ZJrls + JhmtVfX H l-'^x^OffffifiWB) 
«* -f X(ilSMt 0. U m£Ub©^?LXB*e« 
{b3 if S 1 1 tec* Y X# 2 0 n mJW±®»'JvKB*>{5 

[0 02 8 ] »90#6W«, CZ&X«®i£EP}JlJ 

c z fficc j: o ^ y =a i±*«*«: ^> y 3 >*e 

fi*8 0 0^64 0 0 "C<WBa«fttBH*l. 0 V 

»«±o»aa«-c>&ai lsii^> y a > ? x x 

[ 0 0 2 9 ] ^y3>*KB5l±JSSfi*CC-*$l»r, 8 0 
0 4 0 0 - C©aK««€: 1 . 0 ^/dJBLbrMft 
$^-&C <b«, S?L^B«:oC4r»^L^B**rtas»^t 

^?L^B««ftteS«c3*bT^5£^t:S-a-S. — »* 

«B-^ftft*ffi»r*- c©<k5ccL/r«au^>y3 

oisa^ax^tcfcii-c^y 3>^x/>sji^^ 

B*ffi»^b3-l*S<b <h fotc*>f X*S2 0 n m«±Offi/h 
«Bt«WrtS* -*..J/y=i>»W3»JCW I G«B 

[0 030)110 OfHBtt, SHas^e 8 0 0 -co 
aKH4KOft?&^ 8 0 0 Q C3^6 4 0 0 'C(Dft?feOPS*<D 
»yi^t>t/ctOT, hi/- h^>y =2>^ 

r^x/NCDIWffliS) (c*5li-C«2?L^B^B!*«r 

- h y x^rtwectt^^^BBixefciJ^T 



(8) 
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y n > * ^^m<d^bXB u*>r < T & £ £ 
[oo32]*i2 <*>¥&m. ±M&mn:$tcmmm io 

fc&^nhtiZV-fA b U- b^x^KftU i:^^ 
«aflCttl 0 0 0-C£Lbl 3 0 0-CKT, 3*U<»1 

i o o -cja± 1200 •cfiiT3waa-c*5. asam* 
i i 5 o , ca±rttWJc«c*itf«c5«^ 

[ 0 0 3 3 1 t>nto*lO«tt«g*K:*^< <fc, *7- 1 
1 <D$mic i^xt^^^t ;l/ffik:<J: &i&&IIJif&6/8 

g^frr 5 »«±Mffia-r act r «a**«:*»B ft 

[0034] «±©J: 5 fc. *Sb^W«O^K:M^*®S 

scc*t L/-c x tr ^ * ^ * ji/j5EfifrtcaKtcj»ffia*ft o 
ititi tr * * ;i^> T J 3 >*JSBSffi€:S3£"r a c 
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Ji ft *? <fc x tr £ * > + )l m/w&$mt<c. *$ t > r ^ps » 

[0 0 3 5 ] #jffl©gBM5*<D1^* b U- b ^> y 3 

.Sfi(DttJS:ia*H 1 KtjVTo H 1 tcfclit:, I GI 1 
d. «B*flBlf«SCf t«W 1 cRWlWWWl b/p& 
****»flni^* bU~ bt/yn>9*^l a±CC, 
xt>*5/tJH/t^ b U- h^i^rI2^L 
•CXt5r*S/ + ;l/JB3 3WWIl>r^S. *»IBO 

tt»5i±wec»s©?&*i8fcffri)[aLfc^ y => > 
x tr * * ^ + A- m * mm 

Nf&SfkWftl cSVMXIHIVl b*>6tt«*^ b 
[0036] 

[0 03 7 ] *»?8K:4jWS5l±tf«S«©tt«ifta-S* 

mm) e^MtiPM <jKa>K-^) . ffiES*« 1 
OQcmT**. ft^5, ±BS»il«»*c, Mb B bS^ 
8>(>?m (CIS 2 0 5mm) t, e^MCJPM 
>F-^ 4 ) . JSStl^^O- 02Qcmt*5MtBI 

€rlfHS0, ffl^Milt2. 0-5. 0 x 1 0 17 at 
ons/cm 5 . *BBR«*iL-C7. 0-8. 0xi0 17 at 
ans/an 3 % Mii^ibtQ. 0-10. OxlO 17 
atoms/an 3 <D^g <BSR«H»*. iWI-WRttfcJ: 9 «« 

»^fflt^-c#w) cD3@si€:Miiu/c 0 «*aattir»r 

410^5%^ 1 . 0X1 0 1 6 atoms/cm 5 (S^HRlRffi 

»8 0kB©liR»**WU, tg2 0 5mmOfi6 0k 
K--7*CD^y=3>SStCCVDffi (Chefrrical VaporOepo 

Rf*^*^©tfc»**ORBU#JSPL//c. ->y =3 
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KR-caS 1.0X1 0 14 atoms/cm J *SI©ifttt(CBBU"C 

1 - 0 x 1 0 1 4 atoms/cm 3 jyT©tftffi"C «8?a*<Z> ' 
ttfrofc**. 1.0X1 0 1 5 atoms/cm 3 &.±<D^^iM& 

Bi±waofc»»*wR. pwwhwi, *7-f*H*B 

rtri i oot-1 i 5 *-©StfSffc* 
i i 5 o°cr^ x^tffiicxt'^^t/t^ 

[003 9 ] *ft§aCC*Jl i "C»6*l/c-> 
tEOHHBfitt* g«3l®£5 vmQtmL. xf$tVt^ 
Jgfr^L/c^y^VS^^BOCHL/T, T>^xT : 
iSBWbMR : *= 1 : 1 : 5©S C - 1 jjfc»?R-Cifti# 
u u _^w^tw ^#^>£--LS 6 0 0 0*Ct& 
ttJ$n-50. 1 ^in«±©COP^KI^S f J^L/c c C 
OP*B^tt*>%ffi?L^IB<!WtSI«ffO*tH»- SC- 

-1f^j£^RS$J^£^ (OPP : Optical Precipitat 
e Profiler) *C<J:9S3 1 /im©fia«:#atSiS!S 
fTCO. 1 //mJ^<01f^X©^ffifSK*fft»JL/^. O 
PPCtcfcO&tB^ti^O. lMmfiLhOjaSB^-f ^ 
^;W?W5g^tC^orf#e>n5COPXfiiffiSi 1 : 1 
(Dmm*& XifiaSten-C 2 0 n mfeLbOBS'h 

g£3 1 umimm-ZWi'^XM* Sfcfcti I G»*©tt 
^JSWKttS*^ F U- FSx^WW (/f © 
*SJi*»©ttl£*H^fc. 1 x 1 0 10 <@/cm 3 

felt ®St 'MSB CCoi^T (• J SiMS *F-IB8MR kffl^TiE 

TIM1^8 0 0'C, 4#«©&AHI8L MS#H 

g-cioootti smmo&Mm&'if^* *©st ^ 

(ftai*©AK^#B»t**CCl O ia atoms/crf ft 
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0P/NJ8^^*»«±fcf&3EU P/Ny-*«tt 

msmkto p/n 'j - ^*«cDieaDatt^tt <«c^fc 

[0 040 1 ^1 (a) (b)^12 (a) ( b ) CC 
*»§8cr>Slffi« % fcia'il3 (a) (b) -il4 

(a) (b) ^mm^mirhm^^<om^tcmw 

10 [0 04 1 ] (SB5fiW1^6) i6t60*1^6r», *1 
(a) *?J;tfil2 (a) K^T£5 ft»S^#T03 

/Co ttfc, II (a) #J£ta?U OQ cm<DlSfi(C«S 
&<D k ^ 2 (a) *sffiK*0. 0 2Q cmOlS H 0 ^S 

[0 0 4 2 ] C<DCZtt#tSJWPJ^«tfe«&a«« 
20 9 b i^6«^^n/c^^^9<fc?l±tf->U^>SBlS 

«riRsr5^y3>*«ift?i*±cj p «54-c*4. frvtf 

9 ©fflMWttttl&fc: - 3? 7 <bflO& fc - * 7* &©8!tffltt 
AS IJdPi* «Wc2K:f Z><D*ffi±? £ tc&mf&W 6 0 

^36ciiIB«iaBa<!:@EieA8«:±o"Cfi^Sh, COSE 

fll 1 JkUVZ'?*?-* 1 2W^tl^. CO 

T , 3 1 £ ± W *P W 4 CC « , . 5 1 * ± Vf& 4 (C JS S tl tc H 
±^4rt^riSilUr^7XScHiP 1 4^6SfttJ5n^>c 
«:l!ESrSSHi&S3l*±if^rt4«:«^r4S i 

[0 04 3 ] XttlM 1 !-*fi23RU^<^t:-iS»*. 
r^g^ HiS«4»iBS*U^*Cfi^. ^W5« 
fO^r^^o SA^PattttXSBaS (Tm) -8 
50 ri/fett»flMEH-f^"C«C*5C»-C2. 0*C/^Ja±r« 
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, ^ <h L * <0*ffi«: * 5 *x m x fcf * * WWffi 

«ai (b) *j<fec;*2 (b) xtr**^*^ 

^#CD^ -f X# 0 . 1 *x mJ!5Lb©fcB (£?L*RS ) *« 10 

Bt»rh©««ife i • oxio 3 my cm 3 errcm 

IC&mtl* ittffifc»T2'0nm£U:O»/h^l8«C^^ 
t^>10 s i/cra 3 ^jVX*Se*{Cl:b^Tfi«itSn 

(^)^mm "C»2 0 n mJeLh©«/J^IB*fltttC»r 
tiOttBfcl. Ox 1 0 s I/cm 3 £Ui"C*t>. IG 

^&c*»tt#B©»*&^^*ft*- **** 

0«/J^H©x £ * * * A*^<DB£# ffl L «ft o 

^H£E[ 1 ^^Tc 
[0 044] (|Ofcm~9) XMffl7-9KOl,vC 
4>, «3 (a) <b) 4*cfctf«4 (a) (b)K3LBf 
WJS^*Sfefr^Wffi«S**^' r - ft*. *3 (a) 
(b) #S4a*l 0 Q cm(Wftatc«*feO. 3H 
(a) (b)#*S£i^0. 0 22 0008^1)^0 

9»1B»3RU^^. B4CCSt"J:5fc*Sft#*««2 
(Tra)-8 0 0m»6. O'C/ 

fl<oeit, Tm^6 8 o o •co^ , roftsjais««tc 

^t2. o-C/*«-b©»«iiK^*^ te - 8 0 0 ° c 
^e>4 0 0 c C<0^ B l^SaffiO^^(i, 2. O'C/ 

«±©KB (^7L^PB) *I»*C>rft©lSJl*> 1 • 0 x 
astctt^risa^stiri^-*, ^^^^^^ 50 
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/J^H«K«l'»Tn(D«iafc 1 • 0X10 1 I/cm 3 

^fu^h^ *»<Dftm) T. ^B»*H-#«:J&fi£ 
3ft, I^Bftfti'OW^B©*^**^*^ 

»K«<D»rffi : HIS«*BI*BI2 Cc^-T. 
[0 04 5 ] (9U5fe#! 10-12) 1 0 - 1 2 CC 

■WCfe, ^5 (a) (b) is&V&G (a) (b) 

(a) (b) 3&s«ta*l 0Qcm©ttfiK:«S4>O, * 
6 (a) (b) *sffi!n*0. 0 2 Qcm<DttfilC*5t> 

m)-8 0 0«W2. 4-C/»*61. 5'C/#© 

tiir, »afl«H-r^rK:fc^-c2. ov/aniLo 
jftiaaa-cttfti^, 8 0 o*ca>e>4 0 o - c©«h« 

1. 6 s C/^6 1. 2'C/ft<DBmX\ »sjs«5h<& 

it©fe B «»i)^t 1 . 0 x;/»«±o?*a>i« 

81. hu- h •? *^ i l^©ai{c*ftfili^ 5 

ffCDIf-fX^O. 1 ym^lCD^i (SLXi) «BE» 
limottftfel. 0X1 0 4 i/cm 3 £TPCfi«S 
ft. SSfcJtt? 2 0 n mK±0«^Bfcoir»T: 1 0 

flifto ^ t ^ * ♦ ^iflofiii^B* 

[0 04 6 ] 3-1 5) 3-1 5CC 

o^rfc, *7 (a) (b)*J*V*8<a) ( b ) CC 

(a) (b) 3&«aaK*l 0QcmO*SftCC«^fe©, * 
8(a) (b) 1fittffi&0. 0 2 QcmOlSB%^^l)fc 
O-C^^o ^Jfe^fll 3«ffi^> ^fe^l 4W*M3R. 

mt(Tm) -8 0 0WtB6. 5'C/^62. 
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«2 Ot/»*6 1. 2V^8i^. Tm^8 
0 0 •C©itOgB B B Sg^Ktel>t 2 . 0 -C/fl-ELt . 

gOOWMOOTOit© 

X h U- h f * ^SSrtj*<D«:ffi«:^S)i ft 5 u m X £ 

^Sfffifrfc 4 0 0 •C*'C©lE«B©»iiaJt««** 
«c«o-C*»T*Cilca:»>. 0. lMmlMX«± 
<0*>WKM fc* -f * 2 0 n m «±©»^R§ fcWKcfi io 

aiSn-co*. BaiMr*©^** 5 *). i Mmt(±©x 

_^>.J3>>?*^©WBD*>6^3 1 unJtOWK 
4M,vC. «,»mt»l. 0X10' i/cm J etTtMS* 
Sti £g&#T2 0 n m&LkOWbXMtC^-C *> 
5 ox 1 0 4 -ffl/cm 3 «T"«»ttfi«**»6*i 

"CI* 2 0 nmJ^««M^««K*''» rno * S 
a t 1 0X10' fl/c m> £Lhtr*9. I G*»K 

ss/jvxs© * e * * ^ * ^s^©^* ffl L»a*> -a fc. 

[004 7 ] (jaSW16~2 1) B~2 IK 

-3C»"Cfc, *9 (a) (b)tomiO(a) (b> 
C^UtfWJS©^^^™^* 71 ^ ^ 9 
( a ) ( b ) *5S!a^ 1 0 Q c mfflSSKS* * 
10(a) (b) *s«$»0. 0ZQcmO**aK»S 30 

*M 7 ~ 9 bWOL m 4 KSVT J: 5 tt C Z tftiHffttK 

(Tm) ~800*CS-C»6. O'C/^hZ. O'C/ 
^©jgffl-C Tm*>6 8 0 0 "COAT 
fe^-C2. 8 0 0-C 

fr%4 0 0-C<D&ik&g&®<»tt®&&'>*- 2. O'C/ 
#~0. 5 -c/^^f b ^iaSKIOl-^tKfcl,' 
-CI 0'C/»tU:©^*PSS-C«^*^ fc - WJ&l/* 

BftSitKlSSftffl l ~ 6 {CSEJJ L- fc«S i flat? . 

w i 6 [mmm u^-c&wm. 1 7 u 
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fcl oxlO'l/cm' aT"CB«<0 U**-C. 
S6«:JH6*&at3 1 i/m*r©««<c*j«,»rfc 1 . 0 
xiO J l/cm' WTT«»Kffi*SivC^*. it® 
SWC 2 0 n mJiLb©^XFi«:o^-Ci>?riH!teJ:!>'l? 
fife 6*3 1 (iBitOWtriO' 11/ cm 1 WT-C 
■WKfiWtSh-ct**-*, t^bu-^x^c 

W $ 4><bfM "Ctt 2 0 n m«±©»/J^ 

Battw^rtiottafc 1. oxio-i/cm' ss 

£. &*>\ &MSB*fi'M© x £**?> + A-H F*9©feS^ 

-h->>j3^x^i era*)*, xe>*ft*i 

[0 04 8] (MWI2 2-2 7>MWI2 2~27 K 
-ai»-C*>; *0 (a) <b>**0*10 <a) (b) 

(a) ( b ) * S S!S^ 1 0 Q c mOSIIKi^ ^ 
1 0 ( a ) < b ) Vl&inmo . 0 2 Q c mOttlMCftS 
4>©-C*i». SHRfciSftlOfcttftK* * 

IkM 1 0 ~ 1 2 £BI*. 0 5 Kip? J: 1 to C Z*tt** 

®g (Tm) ~8 0 0-CSrii2. 4*C/#*>61. 5 
•C/»©«H-C. «[»JtttHf^-CK*5C>X2. O'C/ 
»eLh©?«6MtC»ttl»*». 800W400 "C© 

SBtti- e-c/^&i. 2-c/»©©H-e. KiSS 

iaffl©^-C©*S^SS#^Kte^-C 1 . 0 -C/fl-ULt© 

^*PiiK-c*^fc s WR£L,fc->y^>^ B B a a- f *^ 

4 5jilntii^ftJ«ft8*. j/y=i>*W«BR 

^ iam2 3«fflaBisi''<*'e*«*. *»«2 4 

*tfcfl2 6ttBttf*l'^"P***' *SfeW2 

tf m*"C©IW«CC*j»,»-C. KSHft»-C0. 1 j/mfeUi© 
fcBffltttl. 0X10' ffl/cm ! JHT-CJWICCfi* 
S Vi I8J»« 2 0 n m Oh©«/J^ tcoC»-C t> » 
IHijifctfJrai*^*^ 1 Kin«0(B«l 0 4 <l/c 

*^©J»3«f^«W ' ct3:2 0 nmfeLhO 

*/M***ttl»rft©tt**> 1 • 0 x l 0 9 "ffl/ c m 

p>n.2» e ^fc. i^SiffiSSoxt-^+v-f^Brt©^ 
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[0049] (jW«28-83) Wt«28-33(C 
WTfc. *9 <a) (b) *J«fcOW10 (a) (b) 

( a ) ( b ) IfifflftM 1 0 Q c m©^SlC^2> &©. ^ 
10(a) (b)**fiK¥0. 0 2 Q c mCfiSKli 

tS#!l3~l 5£|sl«L H6K*-*-«fc9ttCZ*«6aW 

jgg (Tm) ~8 0 0*C*T»8. 5'C/^h2. 0 
•C/^-©S5H-C . S6«C800-C*&400 'COiSH tt 
2. 0"C/#rt>S>l. 2*C/#©ieBt\ Tm*68 0 
0 'C©£^ ©SJWSIlWK*^ 2 . 0 -C/^eLh© 
»*na*-c S^>' c - 8 0 0'C*^4 0 0-C©±-C©SS 

ISMB-c ^ffiWl 2 8 ttfiB* i^*"Cffitt*. **W 2 
9 itm.m u^-cpmm. mmm 3 0 imwm 
-cwm. mmm ittiwwu"wcffiBt*. ***** 
3 2 aatBSRi'^'^**** mmw3 3 bism&i"* 

h -> 3 > f *;>©»imw*k:*j , « 1 ^ s. ftSft* 
©iMXtfO. 1 MmJ«±©fcB (£?LXK8) 

rtiottBfc 1 • 0 x 1 o' ^i/cm 3 amaa*ti 

t,>T 1 0 ! m/ c m 3 L/^ViP-etiJilTTfigSKiS® 3i 
S4rCl»S. ig®ft»-C2 0nin«±©S!t/J^Ri«:^l' 1 

11/ cm 3 u^^r««KCfi«ifcSh. «HS6£fc*fc 

BJi*sjBiSL.-COS. ^'^wwffl*^ 1 

VfhOBftfcl- OxlO"i/cm ! aflS?fcU 
I G^CcW$&^IS©^&^tin#^ n *- 

* foawtf*© * t * + -> * * a i/ »fc *» 

loo 5 0] (^$3 4-3 8) #*Sfet*l3 4~3 8 
©If:/* h U-- h t * 
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1. Ox 1 0 1 9 atoms/cm 5 W^.;V©TKjSffit?K3ft^KB 
1. Ox 1 0 1 ' atoms/cm 3 ©iSiSgU^fcHLXiBiS 
**»WKa&tiS?»*tt. 0 
X 1 O^atans/cnf fiUbl • 0X1 0 1 • atoms/an 3 W 
T teiO'^IS* 5 1 • OX 1 0 1 7 atoms/an 5 KLk© 

1 1 (a) (b) teitffU 2 (a) (b)KwT. «t 
is mil (a) (b)#I5W10Qcm<^SKi 
S 40,«12(a) <b)**JSS»0. 0 2Qcm© 
ftAKft* £>©-?&£. tt*5l±W*H3 KwT«fe 5 tt 

&mm®m. (Tm) -8 0 0t$ftt2. 4t/» 

^60 8 -c/^eH-c^ i> *>s£i§JK®Bir ^ K 

te^-C 2 . 0 ■C/aeLfcTtt**^- *fc 8 0 0 *C~ 

400 ^©tsiMBBESWKfc^B i . 2 -c/#a»e> 
o 5 -c /m>w®-ci&? t feK^52ffi-r ^"C K*Jl> 
•c i. o-c/^iiUi-cw^* 1 ^^. Mueaa. ^sswi3 
4 1 3 5 tjf(MaffiRii-i««ii**fi5fc«>. -en-enA r 

^HSv-Cl 1 00'Ct60^i5». ^6feW3 6«^M 
S^Hm©^^*^®^^*^ 1 1 00 ' CT6 

o mmm 3 7 1 3 8 uiwiiaKoa^ s fc 

it>. fn-?nArfim-C1 0 0 0-Cf6 0ftiArS 

gmt-i 3 0 o°cr-5^-©^J!affl : i:*fe , -'fc« ea^J*tr 

0. liimKiCffiJWaBOa-K**^*^ 4 *^ 
h 1 wmSt:'©m 

jWftjea*l»t»"C. 1. 0X1 0 1 ffl/cm 3 BiT-CB 

0X10 3 11/ cm 3 u^/i/Tfiaactt^-cwiKflsa 

L-ri>4. ■^-fX3&SBffi»#-C2 0nm , a±©* 

->y=i>^x^©i?ffi*>e>^2 1 umt-cDmrn-ci . 

0X10' il/cm 3 «TiftoT4s*)«ltt^B** 
©ffi«*sm?>ti-5« ^hU-FOxA©^ 
<rc**«*> t?«2 0 nmat©t'W«« 

) aa*i»r*ifl)it»«» 1 • 0 x 1 0 • «/c m* «±-c* 

1) I G^mtC^))^^©P.S^W* S ^^ nS ° U 
1 l 0 1 2 0 0-CIDg*5#£ C^. 

o^«T!ia-c+^^*"5»« ^affffi^© 31 ^ 



(13) 

23 

[oo5i] (.mx&wz 9-4 1 ) imm.m2> 9*^4 
* 1. 1,- f ^ y 3 > h, i^*B«j«c*i»rsaseUi© 

2,. **»WCtt, MSHMEtt 1.0X1 0" atoms/cm 
3 ©igrggu-^wcKlOTietrrsa^ *^W C ^ 
K**** 5 1.0X1 0 1 'atoms/cm 1 &± 

(a) (b)fc<t^l2 (a) (b)Kl7n-r. 
ft:fe. ^11 ( a ) ( b ) 102c m©*SJIK: 

ftifeO. *12 (a) (b)#SlS$0. 02Qcm 
©ISJMCffSfcO-C**. 3Wk«3 9tt^ia4KwrJ: 

&3Kt£83&l£ (Tm) -8 0 0'CST'«6. 0"C/ 
»*6 2. 0'C/^©ffiH-C> TmA>68 0 0-C©4T 
©ttJMSUS**K*l>-C 2, 0 ^/fl-feUi©^**"*? 
S,-3?c. 8 0 0 *C#>6 4 0 0 -C©?SSSS®H©!^*PS 
2. O'C/^-0. 5*C/»-C£--rL/t>feitS^ 

HCD-r^-cKfc^-c i . o •c/a&Lk&ft&a&'cttit 
*4W*a*«*iwbfccz*«iaiWBKK«*»t»-c 

SLBffrfiRU tt-WWUaUS»«H»t (Tm) ~8 0 
0"C2-Ci*2. 4V/ftfrt>l- 5'C/^(Dilt, ^ 

mssmr^xfcis^x 2 . 0 •c/»£U:oj*»aK"c 

8 0 0*C*>64 0 0X©«H»1. 6*C/# 
#><b 1 . 2 •C/#©ISBTC. ^SSKH©^t©*SS® 

a»*cc*$ir»x 1 . 0 •c/»«±o»ai3Mtt?* 
HjfePH ia. ig6«c^j:5&*£ii©#s>&#*i»* 

«u jga»aaK»wia« <Tm) ~s 00m 
W6. 5 2. o-c/»©iBffi-e. se»K8 0 

0 0 0 -C©f5H« 2 . 0 *C/»*»6 1 • 2 *C/ 
#©ffiH'C. Tm*»6 8 0 0*C©^"Cfl>ftJliBflCW , S K: 
*}t»T2. 0-C/^±©i^P3S-C\ 80 0 

'CjJp 6 4 0 0 •C©£T©«£S£££l£«C*5l,»-C 1 . 0 *C 
/^■tLhro^aJjiK"^*- 5 ^ t>rft©XJ60»K:*jt>--C 
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-rn©*§ii iif^t ji/jiw®T©^PS®a* 5 (s^ 
*s. j^3PMi&©*tf**^+^*rt©*iii^Ri&£ 

[005 2] (£SJ&60«4 2~4 4> *^4 2*^4 

» u /den*, o * ^Jnx i/fcs/ y a > <r * k * 

h u _ h ^ y 3 >^ x7^ffi««(cfei>r series 
iitftaflBSisajfciBjWHE* a =fc 9 Kit b . *oa* 

t - # + *, ^ ,iJS £ 5 a mm® t fc f'J 3 > ¥»t*»RT 
*&. ***«-Ctt.- mtKttl. 0X1 0" atoms/ 
on 5 U"<;l/©«tft9[-CBaRigeB.l • 0 X 1 0 1 ' atoms/ 

cm 5 ©jisiggU'<;vK:iWb-cietE-r-2>* 1 . *^fiWKl 

6n5i«B, g3tr£g#5. OX 1 O^atoms/arf « 
!0 ±1. OX 1 0" atoms/cm 5 «T. teiCfK^isS* 4 
1. Ox 1 0 17 atoms/cm s JiLh©effl-C^j*§ n/cSn 

pj©SiBi^ffrfc J:^^^*^ 11 ( a } ( b ) te ^ 
yf^l2(a) (b)Kif. ftt $11 (a) 
(b) *Sffi!n^lOQcm©fell«:#afc©- «12 
(a) (b)#ffita*0. 0 2Qcm©g B B B tcii5^© 

? UCfWRS 1/ . IS4W&8ttK«*BMK ( T m ) ~ 8 0 
30 0-C3E-CB6. 0-C/#*>&2. 0-C/»O®It, T 
m*>6 8 0 0 •C©±t©Mi s B Sg«-fcl>t 2 . 0 *C 
/»J£Lh<01ft»a«"C * o fc. 8 00m400TO 
JSJWI»BSH©»aa*tt. 2. 0*C/#~0. 5'C/ 
»-C^r b 4>ifciSSSBB©-f ^"T tefco-c 1 . 0 -C/» 
W±©^*PaK"C« :r J* s -'^- 3I*W4 3«. H5Ktt: 
■T J: *> ft«ft<0^«E***» * ^S^SftS C Z * 

@gg(Tm) ~8 0 0X*tB2. 4'C/^6»1. 

h°c/ft<omw-c\ wMSSmr^-cicie^xz. o-c 

40 /^-fiLhOJ^aSiS-CB&C^. 8 0 0-C*>64 0 0-C 
©Efflti 1 . 6 °C/9ti*>h 1 • 2 •C/^©SEH-C, MS 
SKS©^-C©^HS^«!^ ; fe>'^ 1 • 0 'Q/Wlk. 
©^^PiiS-c&^fc. »4 4tt, HefcTirS-J:^* 
*S B B B ©^iPtE^ £i^«> Kg L ?cC Z 

(Tm) ~800*C$T«6. 5°C/»*>62. 0*C/ 
^©Kffl-C. S65C8 0 0'CiP6 4 0 0*C©®H«2. 
0 *C 6 1 • 2 'C/ftOmmx- , Tm*6 8 0 0'C 
©^■C©iBJMaflE««K*}l.>"C 2 . 0 'C/WXtQi&n 

so jiKr*, s e.ic, 8 00W4 0 0 •co^-cc^nia 
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^Fl/-k>';3^x ^©Sft&ffltSA r 1 

1 0 0 o CT'6 0#H*fcL/Co g&iSg^4 0 0 4 C^t 

0 2 il/cm 3 U^Jlfr^ft&TO}mZ%±lcmXm<0 
tp>Wm 2 On mVL±.<DKmmm* 10 5 l/cm 3 U 

^u-c i G^m^if^T^isSg^WLr^*. a 

[005 3 ] (J^l-3)tfcl»!ll^63-Ctt, K 
H 3 &c?nTJ: 5 tt«cclSfi»**M*HW «ci©ft^ 
IiM(Tm)~8 00«tK2. 4"C/#*>6 20 

o. 8°c/^oigH^rbfe^^ffl*r^*ccc*5u 

T2. 0*C/»Ja±-C»a^-ptc. ^fc8 0 0°C-4 0 
0-COftSaS«W6C*Jl»"Cttl . 2'C/^6 0. 5 

0°c/^JW±r«a^^^c o WfiSLfcV l J3>¥fiS 

^*««*fl*Lfc. 2j^«©«J«fefl=*yJ:Mff« 
t$»(2Xl3(a) (b)W?8U(a) ( b ) K 
ST. ttfe, S13 (a) (b) OQcm© 30 

*SSK:«£ *><D. a 1 4 ( a ) ( b ) #ig5i^0 . 0 2 

«W2tt*lMR, Jt««3J«tM*©IS«r**. if 
^^'>t;Hit^ hu-h»>*^©JHi*6*3 1 

TT*fllftra*5t>©<0* 5. OxlO 4 ffl/cm 3 
T5Ctt&€>r«fcl 0 s l/cm' u-oi/QWffiKr* 
eS*#"t?2 0nm«±©a^RICcoi»rfc, x 
f^^jbgi^x h U- h^s^W 5 ^^ 40 
1 /im*T<E>««K*5l>T, SK#5. Ox Id 5 {1/ 
c m 3 fclTttlPR* "f 1 • 0xi0 & I/cm 3 fiUb© 

mm i*>\'?ffi&) 0 x l 0 7 ffl/cm 3 

[0 05 4] (ifctt«4^6) Jt««4^66rt3:, « 50 
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5. OX 1 0 1 5 atoms/cm 3 SKiU ^H^^tIS 
#5. Ox 1 0 1 2 atoms/cm 3 m&tlsfc. Tfrfr^, S 

*»am«sai<!: l/c* agawstt* h 3 tcs-r £ 5 * 

Br5l*±»W«U 4g B H Hi^Pii^«^ll^S (Tm) 
-8 0 0«t«2. 4"C/fl*60. 8"C/#<Di6H 

rBWofc. t/c8oo'c-4oo •c©«aas»« 

(b) fcitffll 4 (a) (b) KST. ftfc, S13 
(a) ( b ) 3&JJfflR* 1 0 Q c mraewcft^fc©, * 
14(a) (b)**«!fi*0. 0 2QcmO8a(C»S 
o tb$5PJ4«ffiM^, it«W5B4>B«. 

?IAP§) KS8IJKD1f/X*5 2 0nm£Lh<DJSM> 

^<Dffl*fcoivttttt«« 1^34 ««Biar , SJR 

Mlto 1 0 5 M/ c m 3 1 - 0 x 1 0 6 m/ 

cm 3 OU^^nfi5lSJK"C*^/t Q — 8*^M^ 

»ffiJKO«JJD«fl.^tin . Oxl0 7 i/cm 3 

at, wv&i G«»B«Hsrc*a^. ft*. ^-f?* 
fcO»4lu^<^«S*^aB®»JS (lBR*fttl*©xfc:^ 

[0 05 5 ] (tfcttH 7 ) mm 7 ftK^MS^ 
*«I±WWJ8». B«*©SWiftft*s4. 5xio 19 
atoms/an 2 !£K<i:L, ISMOfflfil^ 3 . 0X10 
^atoms/cm 3 ^iffii L?c B S»Sr««CC^< 
asfll L/c. ttAVAtt. H 3 cc^-r J: *) &«f«:JS 

W^£L. S^iKIgi^H^ (Tid)-8 0 0^ 
T«2. 4V»* J 6 0. S'C/^Oii'CWlfcft 
SSKHT^TCcfc(,i , r2. 0°C/»tLhT«^^>o 
/c 0 *fc 8 0 0 °C-4 0 0 XIOlSJWflMWWCfelrir « 
1.2 *C/&ti> 60. 5 *C/tt<DmW X**&-f L fe i^SK 

ttHT^rKisi^-c i . o*c/^£U:rtt^^^/c. * 

SlLfcS/U 3 9*^JDX» % If^XhU- 

h^i;>4 L-e-0*HtC*LJBa»*5 Mmif3f^t 
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J: OWfli«SIKi« 13(a) ( b ) 
m 1 4 ( a ) ( b ) tc^c a 1 3 ( a ) ( b ) 

^Jgta^ 1 0 Q c id0^b b b CC^5 S14 (a) 
(b)^Jfi!S^O. 0 2Q cmO^SCC«5*>©r* 

If^Xtf 2 0 n mja±©»J^BOSflE«:oC»t 
(a) 
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So 

[0 05 6 ] 

[an 

















TrarSOO'C- 


800— 40QX: 






/cm 3 


mm /ft 


/cm 3 


/cm 3 


>2.0"C/# 








1.0E17 


0.8 


1.0E14 


3.0E17 










2.0E17 


0.8 


2.0E14 


8.0E17 










5.0E17 


0.8 


5.0E14 


9.5E17 








^14 


8.0E18 


0.8 


7.0E15 


3.0E17 










1.0E19 


0.8 


1.0E16 


8.0E17 










9.0E18 


0.8 


8.0E15 


9.5E17 


















O : «6B*U 




Cb) 























iM X>0.lMin 
/cm 3 


1M X>20nm 
/cm 3 


X>20nm 
/cm 3 


<H/OiA 




9.0E2 


1.5E5 


1,0E9 




3E&0J2 


9.0E2 


6.5E5 


5.0E9 




^JSfeW 3 


8.5E2 


6.0E5 


6.0E9 






6.0E2 


1.0E5 


1.5E9 






6.0E2 


5.0E5 


6.0E9 




^J6 


9.0E2 


5.5E5 


8.0E9 





[005 7] 



30 [*2] 
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g2 ( a ) ->'j3>gfgftBffI: 0. 0 20 -cm 











/cm 3 


mm/# 


/cm 3 


/cm 3 


Tm-aoot: 
>2.ot:/» 


800-400*0 
>1.0*C/# 


MVS 




5.0E16 


0.9 


5.0E13 


3.0E17 










1.0E17 


0.9 


1.0E14 


8.0E17 








2&&0U3 


2.0E16 


0.9 


2.0E13 


9.5E17 








*««4 


1.0E19 


0.9 


1.0E16 


3.0E17 








^J6SM 5 


1.0E19 


0.9 


1.0E16 


8.0E17 










1.0E19 


0.9 


1.0E16 


9.5E17 









£2 (b) 











■^<X>0.1^m 
/cm 5 


lMX>20nin 
/cm 3 


-fr-f X>20nm 
/an 3 






8.0E2 


1.0E5 


3.0E9 






8.0E2 


5.0E5 


6.0E9 






7.5E2 


5.0E5 


6.5E9 






5.0E2 


1.0E5 


5.0E9 






5.0E2 


4.0E5 


8.0E9 






8.0E2 


5.0E5 


9.5E9 





















Tm-800r 


800-4001: 






/cm 3 


rnm/# 


/cm 3 


/cm 3 


>2.or/^ 


>1.01C/» 




ISH0J7 




1.2 




2.0E17 


O 






*SS#i8 




1.0 




8.0E17 


o 






^ifc#l9 




1.1 




10.0E17 


o 







2t3 (b) 





xtfM-^£ 1 Xim^RS 




Xfc?JS*R5 


/cm 3 


U-f X>20nm 
/cm 3 


-th-f X>20nm 
/cm 3 


ffl/^xA 




3.0E3 


1.0E4 


1.0E8 






5.0E3 


2.0E4 


5.0E8 






6.0E3 


4.0E4 


5.5E8 
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.0 20- 



(a) 








: 0. 0 2 0 


■ cm 












3l±i8« 






Tm-800t: 


800-40CTC 


Mi 




/cm 3 




/cm 3 


/cm 3 


>2.ot:/# 


>i.or/» 








1.0 




2.0E17 


O 










1.0 




8.0E17 


O 










1.1 




10.0E17 


o 







«4 (b) 











/cm 3 


X>20run 
/cm 3 


1M X>20nm 
/cm 3 




mm® 7 


2.0E3 


L.0E4 


2.0E8 






4.0E3 


1.0E4 


6.0E8 






5.0E3 


4.0E4 


8.0E8 





[0 06 0] 



lOfl-cm 

















Tm~800r 


800—400t: 






/cm 3 


iran/ii 


/cm 3 


/cm 3 


>2.ot:/$> 


>i.ot:/# 




3£ffc« 10 




L.O 




3.0E17 




o 








0.9 




8.0E17 




o 




12 




0.8 




10.0E17 




o 





O : «Bl*U 



£5 <b) 








Xfcf/l^Sfc 


-t?"-f X>0.1^m 


U-f X>20nm 


i^-f X>20nm 




/cm 3 


/cm 3 


/cm 3 




7.0E3 


6.0E4 


6.0E6 




7.5E3 


9.0E4 


2.0E7 




! 9.0E3 


1.0E5 


4.5E7 





[0 06 1] 





a) 






•8 * [«6] 


: 0. 0 20 


• cm 










/cm 3 




/cm 3 


/cm 3 


Tm-SOOt: 
>2.0tI/# 


800—400 1: 

>i.ot:/# 








0,9 




3.0E17 




O 








0.8 




8.0E17 




O 








0.8 




10.0E17 




O 





(b) 



x 2 l*m*Sfc 








X>20nm 


-fr-f X>20nm 


ffig/^x;> 


/cm 3 


/cm 3 


/cm 3 




6.0E3 


4.0E4 


7.0E7 




6.5E3 


7.0E4 


4.0E7 




8.0E3 


9.0E4 


8.0E7 
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[0 06 2 ] 



1*7 (a) 
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* * mi) 

' ->*)3>&mtttMl : lOQ'cm 












Tm-800*C 


800-400t: 


*4a 


/cm 3 




/cm 3 


/cm 3 


>2.ot:/# 


>i.ot/# 




MM 


1.2 




3.0E17 


O 


O 




■ ■ 


1.1 




8.0E17 


O 


O 






1.1 




10.0E17 


o 


O 





5*7 (b) 



[0 06 3 ] 











-tf-YXXUjxm 
/cm 3 


iM X>20nm 
/cm 3 


-tJ— f X>20nm 
/cm 3 


ffl/tfxA 


5*36*113 


1.2E3 


8.0E3 


2.0E8 




^ififll 14 


3.0E3 


1.0E4 


6.0ES 






4.5E3 


2.0E4 


5.5E8 




3*8 ( 


a) ->U3>8SJtffifit: 0. 



02Q- cm 











Tm~800r 


800~4O0t: 




/cm 3 


mm/ ft 


/cm 3 


/cm 3 


>2.<TC/» 








1.2 




3.0E17 


O 


o 






1.2 




8.0E17 


o 


o 






1.2 




10.0E17 


o 


o 





^8 (b) 











U-f X>0.1um 
/cm 3 


*M X>20nm 
/cm 3 


X>20nm 
/cm 3 


IS/OxA 


&mm 13 


L0E3 


5,0E3 


4.0E8 




USS^J 14 


1.5E3 


1.0E4 


8.0E8 




is 


3.0E3 


1.5E4 


9.5E8 
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^9 ( a ) ->U3>gj£ttsfiffi ; 1 OQ - cm 















*a 00 s±. ft* 




±111 UUv V** 








/ cm 




/r-m 3 


/cm 3 


>2 0*C/# 


>i.ot:/# 








ft A 




4 0F17 


o 




- 






ft A 


1 ^Pl^ 


R fiP17 


o 








5.0E16 




4 flPl Q 


lU.uLl / 






- 




2.0E18 


i n 
l.U 


i npi q 


A HP17 


o 




_ 




2.0E18 


1.0 




o.Uc.1 f 


w 




_ 




2.0E18 


l.U 


l.U&lo 


T n ftPI 7 


o 




_ 




2.0E16 


1.0 


1.5E13 


3.0E17 




o 


_ 


Mti&m 23 


2.0E16 


0.8 


1.5E13 


8.0E17 




o 


- 


24 


5.0E16 


0.8 


4.0E13 


9.0E1? 




o 




Jfeft&ffl 25 


4.5E18 


1.1 


3.0E1B 


3-0E17 




o 




26 


4.SE18 


1.0 


3.0E15 


8-0E17 




o 




27 


4.5E18 


0.9 


3.0E15 


9.0E17 




o 




§££#1 28 


5.0E16 


1.2 


4.0E13 


4.0E17 


o 


o 






5.0E16 


1.1 


4.0E13 


7.5E17 


o 


o 






2.0E16 


1.1 


1.5E13 


9.5E17 


o 


o 






2.0E18 


1.1 


1.0E15 


4.0E17 


o 


o 




32 


2.0E18 


1.1 


1.0E15 


7.5E17 


o 


o 






2.0E18 


1.1 


1.0E15 


9.5E17 


o 


1 o 





3*9 (b) 











/cm 3 


■*K X>20nm 
/cm 3 


1M X>20nm 
/cm 3 




15 


4.0E2 


1.2E3 


8.0E9 






4.5E2 


2.0E3 


1.0E10 




nmm is 


6.0E2 


2.0E3 


1.5E10 




*mm 19 


1.2E2 


1.2E3 


1.0E10 




AttM 20 


1.5E2 


1.2E3 


2.0E10 






2.0E2 


1.2E3 


2.5E10 




22 


6.0E2 


1.8E3 


8.5E8 




HBfcfl 23 


8.5E2 


6.0E3 


1.0E9 




Ifclfcfl 24 


9.5E2 


6.0E3 


2.0E9 




ftttft25 


4.0E2 


1.2E3 


1.5E9 




£lftfll26 


6.0E2 


1.5E3 


3.0E9 




^JIW 27 


7.0E2 
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